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^lodule No: 

Appro >m' mate. Time: . ' 

t 

42 Hours 

» 


Module Title: . - * . ^ ' ' ^/ 
Mathematics fbr Operators ^ ^ 


Submodij^' Titles: * . ' * 

1.^ Review { 
, 2.*' Ratio & Proportion . ^ 

3, Graphs__ - tr 

--4% Total Surface ^pf*^ ' , . ■ 

.5. Heat & Temperaturbv . • • ; . . 

6. Metrics ' • - ' 

7. Hydraulic Loading • ^ 
^^8. Solid Loadi ng ' . - ' 

9. Digesters 

10. Chemical Addition 

11. Activated Sludge 


Overall Objectives: | " < • 

Upon completYbn of this mV3^\ the learner shouTd be able to usp the principles of . 
mathematics of addition, subti^action, multiplication, division and to use "specific 
formulas as ap{)lied to water cind wastewater treatment technology. 


Instructional Aids: ^' , * 

\ • ' . ' , 
Handout . * ' ^ • * , ... 

AV (Civerhead transparancy) \ . 

Calculators - ' / ' . \ ' T 

. • ' • ^ ^ \ • ■ . — / - • 


Instructional Approach: ^ V • 

Dis^cussiOT < , \ * 
Demonstration ; / * \ " • 
Exercise \ . * h ^ ' . \ 

v_l:^ y - \ ' I ' ^ 


References:' . . . » 

Wc^kbpok, Basic Mathematics apd Wastewater; ProcessiTig Calculations, N. Y. Dept. 
of Env. Conservation ' .♦^ , • 

study Aid Worlcbook, /Mathematics for VJastewater Treatment- Plant Operators, 
California Waten^-Pollution Co.ntrol Association - * . t- ^ ' 


Class Assignments:, • - ? . • 

1. Given han^outs^ to be rec^d ' ^ , . 

2. ^ Give^n exercise*T>r^lems^ to be solved ^ . ^ . ' - \ 

Given evaluation problems to be solvecl • ' . .* ' ^ 

* • • • » ^ ' * 
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Module*^Ho:-^ 

• • 


. <5 

MathenVtics for. Operators " , * 


Instructor Notes:. 

Om*^^ — i. , 


Instructor Outline: 




j 





1. \ Give handouts of ea(^ 
' ^^ubroodule title 

2. \ Allow sufficietit time for 

exercise problems 'to be ^ 
. done. " . 

3*. Review exerci^ problems. 

4-. Give evatuation problems. 



\ 



a. Discuss/demonstrate Using the student 
handout how one calculates using the 
basic principles of mathematics of 
addition, subtraction, multiplication 
and division in 

a. RatiOv-& Proportion 

b. '^ Metrics 

. c. Fonmulas us^jd in-w^ter & wastewater 
technology ' ^ 

b. Discuss/demonstrate using the student 
handout. how one uses formula as applied to 
water an^- wastewater technology in 

^ a. Making graphs ^-^^ 

* b. Heat & Temperature 

c. Hydraulic loading 

d. Solid loading 

e. Digesters \ ' ^ 
■f.- Chemical addition - 

g. Activated sludge , ' \ 



r 
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Module No: 


Module Title: ^ , 








Mathematics for Operators 




• 


",T .1 ^ ■ . ■ ^ * ' 

Submodule Title:, * ^ ^ " 






App^-Qxl Time: 

\ H 

3 hours . 


R6view ' ' . • 






Topic: • • ,^ 
Review ' - ♦ V 

1 , . —4 ^V^- 


'.V _ ' _ 


\ 



Objectives; 



The learner will demonstrate the'abilrly to determine answers to problems relafed 
to: • ' . . • r . . 

1. Circumferences - ^ — ' * 

2. Areas * - . * * • " . 

3. Volumes ' ^ ' ^ ' 

4. Flow rates « * • ^ ' 

5. .Conversion of concentration to. pounds 



Ins*tructi(^nal -Aids: 

V 

Handout - 

(overffead transparancy) 



Instructional Approach: 

Discussion • ^ 
Demonstration 
Exercise 



R&ferences: ^ 

Workbook, "Basic Mathematics and Wastewater, Processing C^li;ulations, N. Y. Dept. 
of- Env. Conservation. • • • ' 

Study Aid j^orkb'opk. Mathematics for Wastewater Treatment Plant Operators, 
California'WaterXPollution Control Association. » • ' 



Class /^signncnts: 



I. 



Given^O ex^cise pijpblems to 



be solved* 



Module No: 



Topic: 
Review 



Instructor Notes f 



Instructor Outline: 



L Handout ^ ^ - • 

^ IJhe geometric figures that 
are most highlighted irv ^ 
Water/Wa$,tewater Techn61o§y 
are: • v > , 

1» Rectangles 

2- CircUbs 

" Triangles 

It. Pyramids (cones) • 

5.' Cylinder 

/*,6'. Prism 

V 7.* X^spizoids 



1. Discuss/demonstrate how one calculates \ 
' typical problems J^elated in:* , \ - 

L *Circuinferences • 
1, . Areas ^ ^ . ^ ^ 

^ .3* Volumes • • \ , , 

4, Simple flow rates 

5. Xonvel^sion of concentration to pounds , 

2. Give 10 ^erCTWr^)roblemS'' 



6^ 



• > 



A review af several concepts and mathematical principles would be very 
helpful. * * ^ • ' . / ' r . . ' 

Let us s't;art by reviewinjg the use of our potket calculator. ^ . 

,Find the answer to:- , ^ ' ' • ' • • . 

162 ^' 118 ^ 123 110 - 0^82^ 6.5 - 17 + 4 ' V ^ 

Trynot to'use paper'ar>d pencil (pen} and maintain a pontinuoua "process j 

Find* the ansv^er to; • • . * * * ' * . 

1. 1.55 X .05 X 1.9 i<-d}0742.^ 896543^ ^ 

2/ -35 X 35 X 8.5 x 3.i4 x7.48 ' ' ' • ^ 

Let us revrew the principles' involved .in solving - for- oneA unknown, 
a: The opposite sign of addition is subtraction* • - ' \ 

b. The opposite sign of multiplacatipn is division. - 

c. To solve^for an unknown ope has to place- the unknown by itself- on either 
side of the equal sign (=) making'sure that the. sign of unknown is' 
positive (+) or (X): . ' . ' • ' ' ' ; 

d. Move all other values to the opposite stde of thfe sign (=) -from thh' 
unknown. . - • * ^ - * * 

Change all signs'. oV the Values ^hat were/frioved. . ' ' 

f. Perform calculation. ^ , ^ . • 



Example: <> Solve for X '/ 



•I 



X + 3 =' 15 



X = 15 - 3 ' . • 
X = 12 ■ ' 
Example: < ■ ' ' 

1920 = W X 20 x"8 ^ . . 

- i' 
' 1920 f 20 't 8 =''^^ 



V 
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Exercise ♦ . . ^ - 

• — " • ^ . * ' . • 

1. C = 4 X L • ^ 

2. ^ V = L X W X H ' . - '. - ■ * 
• Where^L 7-4,1^1 = 3, H _= 10 • ' * \ 

When a = 9 & b*= 6 

' * * > * * 

4. A = ({L)2 . . ' * •■ ^ 

When L = 15 „ . * * 

Soi^e formula^ that need review that are important in determining thff * > 
ci r.cumferences of geometric figures'. - , 

X Rectangle/square ^ - / 

A = 2.{L + W). • 

L = length* and W ^= width ' 

A = a.+ b +-C 

Each letter (a, b, c) indicates the> length of eath" side of a triangle 
. Circle ' . ' 



\ 



C = 2'xTr.;< R or TTd ^ 

When =■ 3^4 and R is the Radius 



Exercise 



1. What is the area of a rectangle.whose dimensions are length, 72 A^ds. arid, 
width 12 yds. - • • ■ ■ ^ 



: i/QS. and. 



2. A square has a side of 26 ft. ' What .is the cirtrujnference of \he square-i' 



3. A 'circle ha^ ^aVadius*^ of 30 ft. What is t-he circumference, 
ft 
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4. A triangle whose sides are a '=^20 ft,, b - 15 ft, and ZsVt. 
What is' the circumference? * • ^ 



The formul as for are'as^of 
•a. Rectangie/squaxE^ 
A = L X W 

L = Length and W'-= Width 
b. Circle 

. = 3.14, R = Radius, D = D.iameter 
.c. Triangle _ * 



I 5 = base'^and^h = 'heisht / ' 

Calculate the^ areas af ^ *: , ^- - 

A. A circle whose rardi^us i;5-30 ft.., 

• ■■ . » * - ' 

2. -.A trf angle with^a base of 12 ft. and iieight of 6 ft. 



3. A lagoon whose length is 320 ft- 




th of 160 ft. 



The formula fcjf volumecO"f 

a. J^ectangulah solvd " ^ 

V = L X W X.H 
L = length, W*= width, anci H = height/depth 

b. Cylinder 

V =^ R^ X H or*^785 x x H^' • / ' 
Radi US , ^H, =^ HeTgh t/depf h 



= 3:14, R 

c. Sphere ■ — 

V = VaiTR^ 



=->3. 14^ R = Radius 



er|c 



'd. Pyramids • 

1. Rectangular based ^ 
■ ■ V = 1/3 L X W X Altitude 
'2. Triangular based • 
. V.= 1/6 b X h X Altitude.' ' 
3* ' Circular based (cone) 
V ^ 1/3 jT X Altitude 



Bemember that in many units in water and wastewater 'are ril^ide up 
figures. Ex. water towers,. settling basins, digesters, i 



of 2 geometric 



Exercise 



1. What is the volume of a 12 inch water main 3500 ft. long. 

2. A settling basin has a length of 60 ft., width of 20 f|t., aid de'pth of 
8 ft. What is the volume. ' ' ^ 1 ; 



3. Find the vplume of a figure with the dimensions- (See 'slcetch). 



. r 




k 



10 




V 



'12.16 ft. 



2.H4 ft... 

-L 
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Module No: 


•Module Title: - • ' ' 






MathemaWgs fqr Operators, 






'Submodule Title: * 


1 


Approx. Time: 


Ratio and Proportion" ' -J^r "« ' 




I. 

1 hQLfr 

'1 ' 


Topici - . , . 
Ratio " ' . 


4 



Objectives: 



The learner will demons tlrate the ability^to calculate 'problems involving 
ratios. - . i " . ^ 



Instructional' Aids: 



Handout 

AV (overhead transparancy) 



Instructional Approach: 

Discussion 

Demonstration 

Exercise 



References: - ^ ' 

Workbook, Basic.^^Mathematics ap^ Wastewater, Processing •Calculati'ons , N. Y. 
Dept. of Env. Cdnservation. 

Study Aid Workbook, Mathematics Ivor Wastewater Treatment Plant Operators., 
California l^ater. Pollution Control AssQcjiition. 



Class AssignnKjnts: . ' ^ . 

L' Read handout/ * .... 

2. 'Siven JO^ exercise dr^obleirt^ ta be ^solved* 

• ' 11 
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Module Ho: ^ 



Topic: 
Ratio 



Instructor/Notes^: 



l.y^fejW handout 



The number mentioned firi^^ 
the first tenn and the numt)e 



.IS 

nuifi1)er^ 

mentioned second is^he second 
term - ' / - < 



Irrs^tfuctor OutMne: 



1. ^ Define ratio - the relation between |5^b 
quantities or numbers which ajre of tile • • 
same \i,nd. / ^ r 

/ a* ' Discuss/demonstrate how one calculates 
' for the ratio by dividing the first 

' term by the second term. 

b. Given 10 exercise probl-ems. 



Ratio is the.CQinparing of (fuanti ties. ' . * " 

: Cornparing is done"6y divisidn. • 

Division: 'CompaHng by divisipn one divides a quantity by ahothei*.. . 
Exampip . * . 

If yourl^low today is 64,000 gallons and the next day gong flow is 32^000 
gallons, .then the ratio of 32,000 to 64,000 is:. ^ 

= 1/2 times'" ' ^ ^ • • 

64,000 - • . • 

This ijiearrs- that the flow decreased by 1/2.* 

In s^etting .up ratio ope has to remember what the. answer one needs to obtaili. 
. • ■■ • 

• Rel^rto the" example. If one Inverted the problem. 
64.000 _ \ .'. 

32,000 ." 2^t>mes . . 

This means that, the flow of the previous day was-tv5j^ce the flow of today. 
IT rS*;iMPORTANT THAT UNI T$ HAVE TO BE THE- *SAME BEFORE COMPARISON. « , 

' ' ' / . ' , 4 ^ . ' . 

Exercisd . ' * / * • . • • . 

Wh^ i$ tfie. ratio of 8 feet to 2 feet. / ^ " . *- 

2. - What is the ratio of 5. ml to 2S ml.* ' ^ , ' ^ ^ 

r y ' \ 

3. If you add tp 20 ml of solution enough water to make 1000 ml.^wjiat is 
yLV^the diluti-on r*atib. * - ' ' ' . " 



4>. Wha5ls the ratio A'24 ft. to^l2Cf7ti 

5.' If ypuadd to-2 ml of sample enough water to make the soTutioh 25 ml. 
. .jwhaTis the. patio oflcjijution. \ * . ' ' • ^ 

6... What is the ratio of '5 gcTllons to 5 cubic feet.-' • 

7. If a pump operates for 5 minutes out of each hour, what is the. ratio 
* of dperating ti-me. 

8. What«is the ratio of -1 inch to 1 foot. * • ' ■ 

■9. ..Yoyr plant. h4ue prints indicated that 1/4 inch represents I foot.* What.i.s 
■ -the. ratio of distance on t^e^lan and tf^ actual "distance on the ground. 
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10 • If your plant blu'e prints indicate^ a ratio of and- the distance* 
_..t__ li-v'... .^^^ _ ^ _^ ...t.-^ how mahy 

the ratio 



on the B.kteprints indicate a measurement o,f 151 inches, I 
feet doesv^.inches represent in 'the .pi ant/ blue ffrints if 



is 1/96 



( 




S 




\ 



/ 



\ 
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Modu}e".»o: 



Approx. Time: 



Module Title: 

Mathematics for Operators 



Subffloaale Title: 

, Ra-tiG and Proportion 

^-/l - Li 



Topic: 
Proportion 



Objectives: . " • 

The learner will demonstrate the ability to calculate problems involving 



proportion. 



r 



Instructional Aids: 



Handout ' 

AV (overhead transpanAPcy) 



Instructional^- Approach: 

Discussion 

Demonstration 

Exercise 



References: * . . • 

WoVkboqk, Basic Mathematics and Wastewater, Processing Calculatipns, N.^ 
Dept. of Env; Cdn^ervation. 

• ^ * * 

Study Aid Workbook, Mathematics for Wastewater; Treatment Plant Operators,^ 
California Water" Pollution ^Control Assopiatron.. / , • 



Class Assignments: 

.1. Read hairdout * ' * - . 

2.. piven 10 exercise problems to be solved. 

15 " , ■ • 



ERIC 



Module Ho: 



Tbpic: 
Proportion 



InstHictor Notes: ^ 



i 



a. 
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Instructor OutHa 




1.' * Defin^pnoportion an expression qf 
equality between two ratios. 



iscuss/demonstratQ how one determines 
le, proportion of two ratios.^ TheVules 
to us^L^are: . ' ' . ^ . 

1* '-The product of the means is equal to 
the product of the extremes^ ^ 

2. The product^f the extremes divided 
by either mean 'g<i.ves the niean as 

- quotient. ,^ V v 

3. " The product of^ the mean's divided- 

by either extreme gives the other • 
<v — extreme as quotient, 



b. Give" 10 exercise problems. 



: . / 



'Pa.ge 15 of 17^ '"^ 



Proportion^ " * ' _ . 

proportion is ^n indication tf^at, two ratios are^equal 
Example . ' , *^ 



6/12 = 9/18 ' / . • , 

Proportion ,is expressed as \' ' 

6:12 =9:18 

This is read as follows ' ^ < , ' ' 

6 "is to -.12 ak 9 is to 18 . • . . • . 

To make sure that the two ratios are equal $et up the expression as. follows: 



0 



Extremes 
6:12 - 9:18 
* Means 



v\^y m^jltiplyirig the mean and multiplying the extremes the^ answers s'hould be, 



EVerciSQ . ^ - _ ^ ^ . - 

Are these .ratios in prdportidh ^ 

1. 3:36 = 4:48 * 

2. 1:4.3 = 6.7: 28.81 , > ' 

3. - 5^20,000 = 15: 60,00Q ^ . -y. ' 
Suppose on'e of the means was missing ' ;^ 

- . " ' • - : - ' ^ 

• Then, , • , « 

6:12 = ,? :18 . ' . - ' ' 

Since we know that the rule of product of the means = Product of extremes 
Than . f ^ 

12 X X ="'6 X 18' . • '• , V ^ ' . 



. 17 



solving 'for X 
o'x = 6 X 18 

= 9 « - 

y 

Exercise " 
1. 3: X = 4:48> 
.2. 5: X = 45i^;i5o 



3. 6; X = 



X = 54 



If o^e of the extremes is missing 



6:12 =\9: X 



\ 



Than the product of the means' divided by the known extreme gives the other 
extreme. , * ' • 

X X 9 <». ■ ' ^ ■ ' 

• ' = .18 * ,. ' . . 

) ; . ^ ■ ^ • ■ 

Exercise ... . * ' 

1. X:15 ■= 5:45 * ' ^ • : . 

> • ... • ; ' 

•z: "5:4.5 = 9:X- 

./3.\ X:28000 =,5:1560q0 ' ' - 

, ad'ding enough Water to 15 gallons chlorine solution of 28000 mg/1 to 
make 156000 gallons compute the- new, concentration. 




'-•.-if; 



. 18 * •- 



7 



i 

\ 
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Modul'e Nq: 



Approx. Time: 



Objectives: 



Module Title: 



Mathematics for Operators 



Submodule Title: 

Ratio aftd Proportion \[ 



EVALUATION 



.^ili- 



The leannerwill demonstrate the. Ability td determine correctly the answers to 8 out 
of 10 problems related' to ratio and proportion i.n water and wastewater technology. 

,1. / 5.8 = 8 = 29.0 = 40 T i. ■ F . • 

2. 



4. 



23:15 =. = 34 


• 


T ; F 


4:36 X = 81 • 






- * 






a. 1.7 


I 




b. 729 ' , 


* 




c. 9«* 












d' .56 ^ - 






X = 90 = 10:5 






a.' 1.8 " 




1 


b. "45 












■^K^ 180 • 






d. .55 . 




i 



\ 



5. What is the length of water ^main to be purchased if the blue print indicates''26 
inches and the ratio is h" to 1 foot. ' • > " 



a. 6.5 ^t. 

b. 104 ft. 

c. • 12'48 ft. 



V 



V 



lit 



19 
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"What is the ratio of dilution if ypu add 5 ml, of sample to' 20' ml.* . 
of water. " - , , . ^ 

a. 1/4 / . ' " 

b*. i/5'*, -. ^ , . ■ ■ 

c. 5 > ^ . . • 

d. 4^' ■ ' ' - , . • ' 

What iS'the new'cpncentration o1^ a 5 gallon 45,do6 mg/1 fluoride 
solutiori*when added to 195 gallons of water. 



7. 



a. 


0,0217 - 




b. 


1125 t 










c. 


46.15- 




d. 


1.7 ^ 





.8. 



A water plant hai, a raw flow of 500,000 gallons from •a surface reser'J^oir 
and- a flow of 200,000 ^gallons from 2 wells. What is the ratio ofjweM 
water to survace water. ' ■ ' 



a. 


1/3 


b; 


3' 


•c. 


1/4 


.d. 


4 




The total fW.to a plant -is 1.8 MGD. .If .45 MGD of the total flow 
red w;ul ated what is the ratio- of recirculated to the total fldw. 



IS 



a. 
b. 3 



1/3 



c. 6^ 

d. 1/B 



I 



20. 
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10. A ratio of recirculation in^a plant is set at 2/5 of the flow into the 
plant. What isjthe volume of reci rcul ati on. i'f. the flow into i^e p.lant 
is ^68,000 gallons. ' T " 



a. 



c. 



6700 gallons 
107200. gal Ions , 
670DOi gallons 



d. 53600 gallons ' 



^7 



1 
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Module Ho: 



> 




* 1 Hand nut 






<> 

. Answers 






l. T. . ^ 






2 . F 












3. C 






4. C 






• 5. ,C _ . • 






& B . •• 






•it- 






f. B 












8. A . 






9. D 
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Topic: 
,;EVALUATIQN , 



Instructor Notes: 



Instructor Outline': 



1v 



1. &ive-10 eva 



luatioh problem 



pfOD'iems. 



\ 



22 



1 




I 



J 
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Module Ho: * 


Module Title-: . . 






\ 




* « 


na LilcMia l i ub TUr upc id LUrb 




c 






• 


Submo^ale Titlei ^ ' ^ 




* 






Approx.' Time:* 


GrapH , \ * r: 










*■ 


Topic: - ^ ^ ^ " • . 




'■ ■ \ 






• 2 hours 


Graphing . . 







Object! veJ: \^ . ^ . ^ . ^ • - 

^ 1. The learner will demortstr^te the^ability to graph curves or line graph sets 
of interrelated value? onto graph paper. > ^/ 

2* The learner will demonstrate the ability , to illustrate values* in simple 
bar graph. ' - ^ 



Instmjctiona.1 Aids: 



Handout 

AV (overhead transparency) 



tns^tructiohal Approach: 

4 

\ 

. Discussion^ 
\ Demons?trdrion 
Exercise 



References: , ' > 

Workbook, Basic f^^thematics and Wastewater^ Processing Calculations, N. ^ 
Dept. of Env. Con^fvation. * ' * 

Study Aid Workbook, "Mathematics for Wastewater Treatment'J^lant OpSrators^ ' 
California Water Pollution Control Assopiatipn* r ' '/ 



.Class Assignnx^nts:' ^ , - 

1. Rea-d' handout , ' « ^ 

2. Given 2 exercise problems to be graphefl. 



Module Ho-: 



Jopict' 
Graph Kig 



Instructor li/ofes:- 



Instructor Out! ihe: 



Han^Q.ut 



2. 'ERphas4s' that several .graph*. 
, :oan by plcftted on the same 
graph, paper .to show the 
relationshi-p between \ 
'"different parameters. 



2. 



'bis(^uss/demons,trate how one 
p&der'to plot interrelated 

D^iscuss/jdemonst/rate Kpw^ one 
t/iar graph. 



. ^Ex. ^ BOD' & SS\ Flow, 
Total Solids or ' 

Flow, Rain 

3. The axis of abi'scissas" 
(the horizontal 'axis/X; 
usually indicate? time 
(days , hours) . ' * 




uses' graph 
\|alues. 

(develops 



3. \Give Exercise problems to be gra'phed.. 
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Graph? a ' ' * '' 

• ' , * * 

Graphs are visual methods of pres-enting relations pf quantities to each 
other. ' ^ . ' ' ' 



Graphs also^end. to show'a trend in p^Vameters/'' That is one^can see alot 
easier if, sa^, the BOD influent is increasing or decreasing. 

Graphs are presented in m^ny forms but the two -types most use^d is 

A. Lioe graphs or curves ^ - , - ^ ' . ^ * • 

B. " Bar. graphs *' " . * ^ • 

1. Line graphs ' * ' . - ' ^ - . . 

To cofis.tr uct a line graph one needs to hcive:'^ 



a. Graph- paper 

t. Data needed to graph 



.To construct a graph choose a horizontal line called the axi'S of ' 
abscils'as/(X) and a vertical lini called the asis of ordinate (Y) . 
Where -line (X) a'rtd (Y) cross tHe/point is called point of origin (0) 
The spaces .on^the graph paper are assigned values -according ,tp the 
^ta supplied. It is evident then-^that thfese values will, vary 
greatj-y and must be chosen to suit' the requirement of the problem - 
Witt]. • ^ . ' . - . . . ^ -;• 



Examp-le 
Coristrucf 



graph from the data available: 



Date., ' Flow/ 1000 GP.D 

1 * • • las' 

2 , 145 

3 . ' .129 

4 ■ ' . . 148 
5. • 195 

6 - V -200 

7 * 135 



J- 



t ERIC 
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Solution 

— : ^ , ^ ' , 

On your graph paper mark below (X) axis, the datefe; make sure- that 
they are spaced. out evenly.^ (zero, 1, 2, 3, 4, 5 on your (Y) axis.) 
Jlark from zera to 50 and space them out evenly. (See Graph). 

Using the 'data provided .find the column that represents the Date 1. 

Move up the column and find the horizontal line th,at represents 138. 

Place a dot' at that point. ^ 

Proceed to the co?4m--fe|Tat represents the Date 2.^ * 

• ** 

Move up the column -and find the horizontal line that 'represents 145. 
Place a 'ciot at that point. 

» > • . . 

By proceetling , through all the dates your graph will be full of dots. 

»• . 

Now start v/ith the dot that represents' Date 1, Flow 13B, and connect 
to dot representing. Dot 2,: Flow 145, and so on. ' ^ 

After c'6nnecting all the dots one will*r^tice a figure. This is ^ ' 
called^ a line graph. . , ' ^ - 

If one rtiaintains a graph on a continuous basis, one may be. able to 
alter.a* lot of data, project plant operation. 

Exercise ^ . * * ' 

Chart these data. 



Time 


GPM 


vTime 


. -GPM 


Time*" 


GPM I 


12 


2200 


5 


1208-^ 




6400 


. 1 a.m. 


"2150 


6 


2(fQ0 


11 


7060 


• 2 


1800 




" 3500. 


12 'noon. 


6600 


3 


1400 


8 


5000 


11 p.m. 

c 


6400 


4 


1300 


• 9 


6000 


2 • 


6300 
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DATE 



28 



* 3 • 


' 6401) 


- 8, 


' 8400 


4 


6400 

• 


^,9 « 


5000 




6700 

• 


10 


. ^200 




■ .7400 


< 

11' 


' • . 2-80 0 








7 


9200 







Bar Graphs " • . . • — ' 

Drawing bar* graphs is* much like drwing- line graphs. Lay out a 
horizontal axis^nd a vertical axis and mark them according^ to 
the data fumishedl^ Draw bars of a length that ^wi 11 correspond 
to- the amount? involved. ^ . , • ' 





Date' 




F;ow/ 100.0 GPD 






17 




i35 ' ' 


5 








f. 






18 




,142 
















. 19 




141 • 






■ 20 




128 




>> 


- 21 




,■ 156, . 






. 22 




■ 158 






' 23 




178 




Exercise 












time 




Time 


GPM 




12 p.m.- - 


933. 


]Pp.m.f 


''2i30 




1 a.m. 

* 


866 


• Z\ . 


2170 , 




2 


866' 


3 

• - ■ 


2330* 




3 


' 6.00 


■ 4 • • 


2300' 






634 


5 


2740 




-5 ;■ 


IQOOf 

• 


6 • ' 


•ft 

3070' 




6 


133Q. 


I 7 


3330 



29 



/ 
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ftodule Title: 

Matbemtafcs for Operators 



Subnx)dule Tf.tle^* 
Graphs 



Topic; * . . ^ 

Meanjfig of Curves or line graphs 



Objectives: 

The learner will demonstrate the ability to obtain usable 4nfonnation from, 
curves or line graphs i 1 lustrated/ . * 



Instructional Aids: 



Handout 

AV (overhead transparancy) 



Instructional Approach: 

Discussion 

DemorTstration 

Exercise 



I. 



References: ' : . - ^ . . 

Workbopk, Basic Mathematics and VTastewater, Processing Calculatioris, N\ Y. 
Dept^* of Env, Conservation. ^ ' \ 

Study -Aid Workbook, Mathematics. for V/astewater Treatment Plant Operators, 
Cal'i/ornia Water P-olluti on Control Association/ . 



/ 1 



Glass ASsignn)onts: . . 

1, ' Read handout ; , ' « t . ^ ^ ' ' 

2. Given 2 graphs as exerpise' for the .obtaining of yarious information as 

\ "Indicated by instructioh. - ' / 



J 
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I. 



I 



I' 



Module No:- 



Instructor l.'otes: 



1. Hctndout 



TopiG^ 

MeaiT^nft of Curves, or Line GrapH^s 



r 



Instructor -Outline: 



1/ Discuss/demonstrate \\m one interprets 
available ijjfo^rhiatioh Yrom curves or • 
line graphs. 

2/ Give two grraphs as exercises to be 
C interpretei.N ^ 



V 



\ 



: r^, • : k 

Meaning of - curves or line graph ^ • ^ 

Most gVaphs, are developed* with the ability tq obtain information. Areas 
where graphs are used to obtainT[n formation that is useful in water ors 
wastewater^ technology. \ * . 

^a. Pump performance • , " • 

b. * Laboratory analysis ' ^ • , ' 

(absorbance or transmittance) - ^ 

be. able to "read" a graph one needs to ha^e: ;^ * 

1. A ^ graph 

2. A value on either the (X) axis or (Y) axis. 
See figure 1 * . 

A graph having an (X) axis indicating concentration and a (Y) axis indicating 
absorbance. . - ' . ~ ' ' ' 

If one knows the absorbance obtained from lab tests than by jo^ininq the 
number on .the (Y) axis to the curve with a line paralleled to the (X) ax-is. 

The point where the line crosses the curve, join that poiTit jwith* the (X)/ 
axis with a Tine paralleled to the (Y) axis. 

•V' 

Example * • . . .. . ■ 

Using the graph in Figure I, -^ind the concentration if the absorbance is 



1. 


0.21 


Exercise 


L 


0,185 


2. 


0.2 


.3. 


0.225 


•4. 


0.195 




33 
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Module No:- 



Approx. Time: 
< 

1 hour 



Objectives: 



Module Title: y 
Mathematics for Operators* 




Submodule Title:^ 
Graphs y 



EVALUATION 



1. Given a set of data, the learner will demonstrate the ability ^o 
the data. ' • ' : 




2. Given a gr^ph.the learner will demonstrate the ability to obtain values to 
answer correctly to four questions. , . " ^ \ 

1. . In the determination of fluoride the three standards tested* provided the 



followin.g results: 



cone. 



^.8 mg/1 * 
l.O'mg'/l 
1.2 mg/1 



Absorbance 
. 0.23. ■ 
.(/.21. 
' 0.19 



Determine after 43lotting^a graph the concentration. of a sample of fluoride if 
the absorbcTn'ce is ."^Show your work on graph provided. ' ' ^ 



\: Using the graph" marked PUMP CURVE 

a. What is the approximate GPM if the -head is 80. ft. 
" ■ 1. 80 ,GPM A-, ' . 

2. 10 GPM ^ 

* * 

■ • . „ 3. . 480 GPM ■ , - * 
4. 456 GPM 



.3. this pump is pumping against a head of 140^ft.. HoW many njaximum gallons p^r 
. 'minute will it deliver?^, . ^ ' 



a. ^ 264 

b. 24p 



c. 140 

d. /46o 



36 
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P39^ -il'of _172 





4. At what maximum 


head in feet will this pump, deliver 320 -GPM?' 







a. * 127 ft/ 






-s- • 


b. 140 ft. 




• 


t 


• ■ c. 200 ft.' 






\ 


J d. 3a ft. 


. • . \ 


/ 



5". This pump will deliver 560'dPM's water at a 'head (in feet) of 170 ft. 



a. Jrue 

b. Rals« 



. / . r 



\ • 
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4- 



,+lodu1e^No: 



S3- 



Topic: 
EVALUATION 



22- 



I^str^|V liotes: 



VAnsweps' 



ERJC 



2. a 

3. a 
4. 

V. 

\ 



Instructor , Outline: 



1. Give a set of values to be graphed. 

2. Give- -a graph to obtain values. 



-410. 



T ds truc^i ona ] Ai ds : 
Handout 

AV, (oveffiead transparancy) 



Module-No; 

• 


Module Title: 

Mathematics for Operators. 
^ : ^-n k 


Submodule Title; " ' \^ .' ' 
Total Surface Area TSA- ^ , 


Approx. Time; <> 

•» ■ 

Js hr. « . 

1«N 


Top4g: 

Rectangular Solid * , • 



Objeetives; 

The fearner will deiponstrate the ability^ to determine the total surface area 
.of a rectangular ^ id. ' • - ' . • 



nstructiortal Approach: 

discussion 
DenK)nstration 

Exercise' 

.... ^ 



" ^ ^ 



References: * . ' ^ •* ^ ' 

Workbook, BTasic. Mathematics and Wastewater, Process in'g Cal^culations*, J<. Y. Dept. 
of En V./ Conservation * ' . , . . \ 

College Arithmetic, 2nd Edition, W. I. Layton, Wiley & Sons. , 

Study Aid Workbook, MathemTtifes fpr WistewateTr Tre^atment^ Plant Operators, 
CaHforniai'Water PoUution Control Association . - 



Cla^s Assignn]€ints: 

61 vgn > exercise problems^ to be solved 



Page 39 of-^^ 



*Hpdule No? 

9 


Topic; 

•Rectangular Solids 


Instructor Notes: 


Instructor Outline: . 



Handout - * 

ci. Emphasis that the unit 
values of TSA' is in 
square ft.' or square 
yds.' etc. 

b. The unit values of the 
length; v/idth, and 
height should be of the 
same unit ke. ft. or 
yds*, or inches etc. ^ 



A. 



1. Discuss/demortstrate how one calculates* the' 
-total surface area of a rectangular solid 

using the formula 

TSA = 2 (L X W) + 2 (L X H) + 2 (W y^H) 

^ ' > " 

TSA =• Total surfa'ce are^i * 

' L = leogth of unit 

W = Width of^ unit 

H = Height/ depth of unit 

2. Give 4 exercise problems . ' . ' 



» « 
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Rectangular Solids » - . ' ' ' 

The total surface area^{TSA) of a rectangular solid ^s. the sum of all six 
areas of- that solid. ' 

Formula , 

' — • ? . • V ^ . 

'The TSA of a rectangular ^o^ id is eq|jal to 
TSA = 2 X L X W + 2 X L X H + 2 x^W ;^ H 
= Total surface area 

y 



Lengtfx 
W = Width 

H = Height or depth 



Example 




A rectangular solid^has a length of 20 ft.^.a widtji of io ft. and a. depth 
of 8 ft. What is the total surface ah^l y - 



A3 
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Solution 



TSA = 2 .X L X W + 2 X L X H + 2 X W X H .'. 

,= 2 x'.20 X 10 + 2 X 20 X 8 + 2 X 10 X- 8 
: ^= 400 + 320 + 160 ' ^ \ ■ ' - 

= 880 sq. ft. * ' ,• - , ' 

Remember that this is an area and the unit value has to be square. 
Exercise ^ ' . . 



1. A rectangular shaped clear .well has to be painted the dimensions of 
lengtlr40 ft., width 12 ft. and depth J2 ft. What is the total surface 
. area of the clear well? ^ . ' ' • 



2/ A cube has the dimensions of 15 ft.. .What is the tptal surface area?. 

\ ^ ^ 

3. A rectangular shaped-r^om needs painting. The length is 30 ft., 
width 13 ft., height 9 ft. What is tfie ^tota> surface area of the 
room? ' - • 

4. A storage* tjank rectangular in shape with a length of 60 ft., width* 16 ft. 
. and depth of^l2"ft. needs painting. What is ^the total surface area. 



t0 



I 5 ^ 



44 
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Module No: 



ERJC , , 



Approx. Time: 



' h hr. 



f4odule Title: 

Mathematics for Operatprs 



Submodule Title: 

Total Surface Areas (TSA) 



Topic: 
Cylinder 



Objectives: 
The 'le'arner will 'deml)nstrat 
a cylinder. 



the ab/lity to determine the total surface 'area of 



Instructional Aids: 
Harvdout 

-AV (overhead transparancy) 



Instructional Approachr^ 

•Discussion' 
Demonstration ^ 
Exercise. 



References: ' ' . . ^ m v 

Workbook, Basi<: Mathematics and Waste\^ater; Processing Calculatipnsi N. Y. 
of'Env. Conservation.' , * /' * 

^oTlege^Arithmetic^, 2nd Edition. W. I. Layton, Wile^^ &.Soris. 

S^tudy Ai'd Workboolc^ MathematicFfor Wastewater Treatment Plant Operators, 
California Water Pollution Control Association ^ ^ r ^ 



Dept. 5 



Class Assignnients: - , 

Given 4 exercise problems to be solved 



4-. 



45 



41 
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Hodi/le Ho: 



TopV; 

Cyli!i|ii 



InstructQr^btes; 



1. Handout. ' 

.a. Emphasis* that, the unit 

values of TSA'is in 
■ ^s<juare ft. or square yd: 
• "'etc. 

b. The unit values of 
' radius and h'eight^of 
the cylinder should be 
^ of the same unit, i.e. 
ft. or yds. or inches. 



Instructor Outline: 



1*5 Discuss/demonstrate how* one calculates the 
total surface area of d cylinder using the 
• formula ^ * • 



r • TSA = 2 (7f r2) (2TTR x H) 

^- TSA = 2 (.785 X D^) + (Ifo x H) 
ISA = Total surface area 
71^= 3.14 

R = Radius of circle,. . 

H = Height of cylinder 
* 

, D - Diameter of circle- . 
2. Give 4 exercise problems 



4G 



0. 
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Cylinder 

The total surface area of a cylinder is composed of 

The top an^d bottom of the cjtlinder. 
b. The side of the cylinder. *' ' 

Formula * * ' ^ • ' 

The formula used to determine the total surface area of a cylinder ^is 
TSA = 2 -X 1/ X + 2 X fTx R X H- 
JSA = Total surface area 
il = 3.14 

R ^ =• Radius of circle 
H = Height of cylinder 
Notice. that R'' = Area of a circle and 
ZlTft = Circumference of a circle 
Another formula could, b^ used: 
TSA *=\2 X d2). + ^ D X H 




/ 



V 
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Examfile _ * • . • ; 

Find the total surface area of a cylinder if the radius is 30 ft', and the 
height is 8- ft. - . 

Solution* ' . • . 

^ * • 

TSA = 2 xTTx- r2 + 2 xTTx R x.«H ' ' " * " . 

= 2 X 3,14 X (30)2 + 2 X 3.14 X 30 X 8 

= 5652 + 1507.2 , " . 

= 7159.2 sq. ft. ' ' [ < « 

Remember that this is area and it's unit value is square. 
Exercise ' , * 

— « 

1. A cylindrical storage tank is 50 ft. in diameter and 20 ft. in height. 
What is -the total surface area of the tank? « 

\ ^ , . ^^'^^ 

•2. A diges'ter has the dimensions of diameter 35 ft. ,and depthlbf 14.ft. 

What is ,the .total surface area of the digester? 

3. " Calculate the total surface area of a cylindrical tank. Radius 16 ft. 

.and depth 5 ft. 

4. Af\ <J:eel drum is to be painted. . What is the total surface area of the 
^drum if^the diameter is 36 inches and the height is 4 feet. 



48 
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Module No: 



Approx. T^flie: 



1 hr. 



Module Title: 



\ 



Mathematics- for Operators 



Submpdule Title: 

Tptal Surface Area (TSA) 



Topic: 
Pyrami ds 



Objectives: , • , 

The learner will demonstrate the ability to determine the total .surface area 

(TSA)- of . . . * • • . . 



1. Triangular based pyramid 

2. Rectangular based .pyramid 

3. Circular based pyramid (cone) 



lnstructio|al Aids: ' 
Handout 

AV (overhead transparancy) 



I n s t ruct i on a 1~ App roach : 
Discussion V 
Demonstration ^ ' 
Exercise 



References: _ • ' % ' , . ^ 

Workbook, Basic Ma^^hematios and Wastewater, Processing Calculations^ N. Y. Dept, 
of Env. Conservaiiofi . \ -v 

'College Arithmetic, 2nd Ejition,'W. I^aytofj, Wiley & Sor\s . 



Study Aid Workbook, Mathematics for Wastewater Treatment Plant 'Operators , 
California Water Pollution Control Association _ ■ 



Class Assignments: 
•:6iven^4 exercise problems to solved 
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Module No: 



Topic: 
Pyramid , 



Instructor Uote^: 



1. Handout 

a. Emphasis that the unit 
values of TSA is iiL^ 
SQuar^ ft, ^or' square ^ 

- yds. etc. 

b. The unit values of the 
base (b)» 'height (h), 

. circumference (a + b + 
^ c) slant .Tieight should ' 
be of tha same unit, 
i.e. fty 0^" yds-, or 
inches etc. 

c. Empha^ivS the difference 
between height and 

si ant. height . ^ ^ 

2. Handout ' " V.L 

a. Emphasi^ that the un^t 
^ ' values of T^' is^Tn ^ A 
square 'ft. or squVe . 



Instructor Outline; 



rscuss/demonstrate how 'one calcitlates the 
surface, area of a triangular based 
pyramid using^the formula 

TSA = '(3s b X b) + (a + b + c) slant height 

■ - : — ■ V, 

TSA = Total surface area 

b = Base of triangle ' ' 

h. = Height of triangle 

(a + b + c)'= Circumference of triangle 

Slant height = Slant height of p^:famid 



2 • ft 



b'. The unit va.lues of the 
length (L) width (W) 
and slant hei^^ht' 
should be of the same 
unit.i.e. ft. or yds. 
. or inches 

c. ^ Emphasis the difference 
between height and 
slant height 



6 



Discus'^s/demor^trate how orte calculates the 
tD%al $urf are. area of a rectatfgular based 
pyramid using the formula ^ ,^ 

TiSA = (L-x%l)"+ 1 +'w) -slant height* ' 

r » ^ ^ 

TSA ^ Total .siJrface a.re^i ' 
L'^ L^ngtm of. reQt'ahgl-6 
W = W^dth of Vefltahgl-e. , ^ ^ 
S'lant height of fjyramid, ^ , > ' 

.! • ■ ■*\ . ' 



Module Ho: 



c: 



Topi 



Pyranid 



nstructor Notes: 
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3. Handout 



Emphasis tiat th§ \w\t 
values 6f-TSA is i 
square ft. or squar^e 



sauai 
/as. 



The unit values of the 
radius or diameter and 
slant height should pe 
of the same uri;it i .e 
ft. or yds\ or ipche 

Emphasis the/differenpe 
between height and 
slant height 



/ 



Instructor Outline: 



DiscussV demonstrate how one calculates the^ 
total .surface area of a circular based^ ♦ 
pyramid (cone) using the formula 

fSA = (1fR2).> (^R) siapt height 

.or- . o ^ 
TSA =' (.78^ X D"^) t (ITD) Slant height . 

TSA = Total surface area 

Tr=3.14 

R = Radius of .circle 
D = Diameter of circle 
SI and heighrt = SlSnt height of cone 



l>age._4£ of 172 



r -I 



Pyramids - 

The total surface area of pyramids is determined according to the.shapa.of the ^ 
pyramid, ^ * ^ - . - ^ , " ^ 



a. Triangular based 

b. Rectangular'^bas^ 
• c. Circular based (cone) 

And the slant height of the pyramid. " ^ , 

The definition of slant height (SH) is the shortest line from the .apeic of 
the pyramid (i.e. tip) to the edge ^of the pyrami<l. - ^ 

NOTE: The corners of a triangle or rectangle are NQJ the edge of the pyramid, 

a 

Triangular based pyramid 

4 

The formula used to determine the total surface area of a triangular based 
pyramid is: ■ ' ^ ^ , 

TSA = Js (b X h) + Js (a + b + c) x slant height ' ' , . - 
TSA .= TotfSl surface* area , .° • ' - i 

b = Base of the triangle 

h Heigh|^ of the triangle ' ^ , • , - 

(a + b + c) = Circumference of the triangle ^ • , • ' 

Slant height = Slant height of pyramid - --/,•• 



C3' 




* • 



5€ 



Example - - • ' ^ * ' 

A. • 

Calculate the total surface area of a triangufar based pyramid if the sides 
of the triangle, have dimensions of* 

a = 30 ft. • , . . * . 

b = 30 f t. . ■ 

c = 30 ft. • . 

h = 25.98 ft. 
.slant height = 35 ft. 
Solution •' 



TSA = ^ (b' X h) + (a + b + c) slant height . " - y 
= % X 30 X 25.98 + h (30,+ 30 +'-iO.) 35^ ■ ' ' 

=^389. 7 sq.-*ft. 1575 sq.- ft. . ' 

^4.7 sq. -ft. , ■• . . , ^ ' : 

Exercise^ * , 

*What is the total surface area of a rectangular based pyramid when 
a = 20 

• b = 20 ^ - " 

h = 17.32 ' . ' . . 

slant height = 30 " ■ / ■ 

Rectangular based pyramid 

The formula >t'o use to determine the total- surface area of a rectangular / 
basad pyramid is: - • • . 

TSaS (L X W) + {C+ W) slant height - < " ' 

TSA = Tot^l. surface area ^ . > ~/ , 

|L = Length of rectangle ' ^ * 

W> Width of rfectangle . . > • ^ 

I Slan.t height = Slrflflt height (^jyramid ' ^\ • * . 



xampie 

A \ectan^ular based pyramid has" the dimens.ions of length 40pft. width 40 ft. 
andVa slant height "of 19 ft. 



Sol utXon - ' . 

TSA = (\ X W) + (L + W) slant height 

= (4o\x'20) + (40 -t- 4J3) 19 ft. 

= 800 + 80.x°;i9 - \ 

= 800.+ 1520 " . 

= 2320 

. . . . 

Exercise ' 



A rectangular based rectanglje has the dimensions of slant height of 3.2 ft., 
length of 5 ft. .and wi^h of 5 ^ft. What is the total .surface 'area. ' 



Circular Based pyramid (cone) ^ . . . * 

The formula used to cletermine the total surfacfe area of a circular based 
pyramid (cone-) is: ^, 

TSA = jfTTx R^'r+ I)lx R X slant heightjt • ^ - 

TSA ='Tptffl surface area • ^ 

* *. 

= 3.14 ! . 
R = Radius- of Circle 



Slant height -j slant height of pyramid 



Exaftigle ; 




1 . 

A cbrie'has'a r^adius of 25 ft. and slarit hjeigftt of 25.5"ft. 
total 'Surface '3 rea. 

Solution ' ' - « 

' , . • " - > 

f§A. =■ (TTx-J^^y +^ (TTx R X slant -height) ' 1 

' * ■ -'■ 

= 3.14 X 25 x 2S+ (3.M x 2^25.5) / 

= 19.68. 7Jj|>^0 1.75 • '1 



I 

•1 

■ ! ■ 

CalcLlate the 

. I 

1 / 



. = 39 70. '5 ^q. ft. 



I: 
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Exercise 



1.-^ What is the total surface area of a cone that has a radius of ' 50 ft* and 
a slant height of 51* ft. . • • . " 

2^-Calculale ^lie total surface'-a^rea-o f a circ u4^-t>ase<i-pyrami;d-ff— the - 

.diameter of circle is' 60 ft. and the^lant height is 33 ft. 



'A- 



- I 



1 V 
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Module No: 



Approx. Time: 



h hr: 



f«ge J5__ of 172 



ftodule Title: . 

Mathemat'ics 'for Operators* ' 



SubfTiodule Title: 

Total Surface Area (TSA) 



Topic: 
Sphere 



UDje:tives: 



The learner will demonstrate the ability tb determine the total surface area 
of a sphere* • ' - . ^ 



■ ! 



Instructional Aids:. 
Handout ^ _ . ^ 

AV (overhead transparancy) 



Instructional Approach: ' , - 



Discussion 
Demonstration 
Exercise ^ 



Re ferences; 



"7^ 



4- 



ig.^Caldu1ations, N. Y. Dept. 



Workbook, Basic Mathemati^cs and Wastewater, Vrocessi 
af.Env. Conservation ^ ' , 

College Arithmetic, 2nd Edition, W\ I. Layton, Wiley^S Sons^ 

Study Aid* workbook, Matl^e/natics for Wastewater Treatpnt Plant Operators, 
Caljfornia Walter Pollution Control Association | 



CI ass. Assignments: 



1 



Give '4 exercise problems to be solved 



57 



% » 
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ERIC 



Module Ho: 



Topic: 
Sphere 



Instructor Notes: 



1. Handout 



a. Emphasis that the umt 
values TSA is in 



square ft. or square 
yds, etc. - 



Instructor Outline:* 



1. 



Discuss/demonstrate how one calculates.^the 
total surface area of a sphere usjng th.e 
formula 



TSA = 4 X X r 

TSA = Total surface area 

ff = 3.14 

R kadi us of sphere 



i 

r 



/ 



J' 



58- 
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Spheres 



The total surface area of the sphere is dete|wnined by using the formula 
TSA = 4 xTTx ' • , • ; 

ISA = Total surface area . . . • 



= a.. 14 

. i 



R = Radius of the sphere ^ * 

-.4 



. 'I 



Example 




A sphere, has a radius of -30 ftl What is W total sur*face area. ^ 



SoluHon 



TSA ^^ X \W R^ , . , 
fj 4 X 3.14 X 30 X 30 
f 1 11304 sq. ft. 

f ^' /' ', > ♦ ' y . 



59 
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Exercise 



1. A spherical gas storage tank with a diameter of 100 ft. needs painting^ 
What is the total surface area? . 

2. What IS the total sxirface area of a sphere full of water if the ra'dius 



is 25 ft. . 



\ 



60 



i 



i 



1 ' . I 

.3 , > ■ 5 
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Module- No: 



Approx. Time: 
1 hour 



irModule Title: . 
Mathematics -for Oper*ators 



Submodule Title: 
Total Surface Area 



EVALUATION 



o 

ERIC 



Objectives: ' 

The Tearner will demonstrate the abilit^ to determine correctly the^ answers to 
8 out of 10 questions delated to total s^urface ar^s of: ^ • ^ 

1. Rectangular solids ' ; . 

2. Cylinders . ' ' 

3. 'Pyramids* 

4. Spheres 



What ris the total surface area inside a cylindrical digester if the radius is 
18 ft^and the ^ept'h is 15 ft. / \ ' ' ' j ] 



a. 2712.96 sq. ft. 

b. ^5260. 4 sq'. ft. 

c. 30520.8 sq. ft. 
jd. 3730 . 32 sqr'-ft. 



2. 'A spheni'Cal water tower needs"*pc»^inting. Whljit is the total surface -area. if the 
diameter-of the sphere is 45 ft. ■ " V , H ■ 



.a. 565.2 sq. ft. 



\ 

\ 



ib. 6358.5 sq. ft.- 
^C. 25434.0 sq. ft.^ 
d. 3179.25 sq. ft., 



J 

)1 



1 

1 

1 . 

i 
t 

\ 



Z. rectangular cVec^r^w&ll has a length of 60^ ft. ,\width 30 ft. and| depth of 12^ ft.. 



What is the total' surface area? 

a. 5760 sq, ft;. 

b. 10800 sq. ft. 

c. .4680 sq. ft. 

d. 14200 sq. ft. 



1 'j 



If 



.61 



13 

1. 
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4i A cube has the dimensions of 32 meters. 'What i-s the total surface 
area? 

a. 32768.0, sq.* meters . " - • 

b. ' 6144 sq. meters 

c. ■ 40960 sq-. meters * . 

d. 3072 sq. meters 



idT*U 



m 



A, Spherical gas storage tank has. a radius of 12 ft. What is the total 
surface area? " • ■ 

a. ^7234.56 sq. ft. 

\ ■ - • ■ 

\ 1 1356.. 48 sq. ft. ' • 

c.\U52.16 sq. ft. * ' 

\ ' * * 

■ d. |\808.64'sq.."ft. • ' ' ' ^ / 

6.« A cone^^h-as a radius of 12 ft. 'and a slant, height of l5 ft. ,WKat is \he 
tot^il surface area? , X ' l- \ 

'* a% 11017.- 36 sq. ft. ." 

■ b. I226O.8 sq. ft. 

,c. -46782. 41. sq. ft. ■ 



194. 2. sq,.' ft. 




7. 



A rOangular based pyramidfhas the dimensions o'f length 30; ft?, width 
'30 jft., and«slant height of- 33. ft.' What is. the' total surface area? j 

a, 1 2^1700 %ql ft. 



%4|'^80 sq, -ft. ' 

" '} Z ' ' . 

6.- A r^ct^nguTa^- bailding has/a length of 110 ft., width 30 ft. and depth 
'25 Jft. .'What ' Is the total /surface area? 

i' • • ' 

a. I 6800, sq'.'; -ft. 

' ' '"1 • . ' ' 

■ t J 82500 sq^. ft. 

C.l 19800 sq'. ft. 
d. ) 13600 sq. ft. 



A sphere with a radiusVof 28 ft. has a total surface area of: 
a.'. 4923.52 sq. .,ft. 
b'.. '2461. >6 sq. ft. 

c. 9847.04 'sq. ft. 

d. 3282.34 sq.. ft. 

A cone. has a ra'diua of, 20 ft; andrslaht weight of 25 ft. What is 
total surface area?/ 

a. 2826. sq. ft. \ 

A 

b. 31400 sq. ft.^ \ 

c. . 7850. sq. ft. j 

d. - 1570 sq. :ft. 'i 




nstructor Notes 





Wandout ' * , 


Ans 




1. 


d 


2. 


b t 


3. 


a 


4/ 


b 






5:' 


d , 


P 


a 


7. 


b ' 


8. 




9. 




10.' 

* 


a 






\ 









Page '61 ' of . 172 




.Instructor Out! Intf: 



1. Give 10 evaluation problems 



64 



I 



I!-' 



^.5 




\^9e 62 of 172 



/lodule Titler 

Mathematics for Operators 



.Ji£iRprox. Time: 



' 1 hour 



Su^HKxJule Title:' 
Heat and Temperature 



Top|c: 
Temperature 




Objectives: 

The learner will demonstrate the ability to convert 

• s - , 

1. Degrees Fahernhelt to degre'es Celcius 
Degrees Celcius to degrees Fahrenheit 



Ins.tructional Aids: 
Handouts. ^ 

1 " y • ^ 

AV (overhead ,'transf>arency) 



fnstruct^onal 'Approach: 

Discussion 
Ttemons tret ion * ' 
Exercise 



fiefe'rerices: 



1 ■ \ 



4- 



( : 



?hysies for^Carebr Education, Ewer, Neilson^, S'churter,.M6Fadden, Prentice Half 
inc. N.'.J. ^ • . ' ' 



Class Assignnvents; 

Given o8 exercise problems to be solved. 



^ns^tuctor l;otes: 



Module IJo: 



P^ge _J3^ of 172^_ 



ToDic:^ ^ 
Jemperature. 



1. Handout 



V 



1 • 



Instructor Outline: 



1. Discuss/demortst^'ate how one converts 
to oc using the fonpuTa: 



oc = OF - 32 
1.8 

°C »= Degrees 



Cel ci us 



op = Oegreesj Fahrenheit 
Give 4 exercise' problems 



Discuss/dein(()nstrate how one converts 
to °F using the iformula: 



. °F = (l.-8'x.oc) + 32 

i 

°F = Degrees FahVenhert 
4. Give 4 exercise broblems 



1 



66 



f - 
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A 



. 'i 



Converfeiono-f' Degrees Fah/enhei t<to Degrees- Ceici us 

v'To convert <PF to °C one/can use the formula 

' / • ■ -J 

C ^ op .32 V 
^ 1.8 ^ ' 

Wher§ °C = Degnee/.celcii^ , ^ 

°F =* Degr^s ta^renheit ^ 

t 



>txsnip le r 
Sol utiorv- 


una 


Or - Oc - 


! 


* 4. 


f 


= 72 - 


32 


1. 


is 


= '40 , 

t:¥ 




= 22.2 


2 °C 


Exercise 




Change \o 


°C 


1. ^68° F 




k ' 118°° 




3\ "30° F 




° \ 

4. V-5° F 




ConvV^Ton of 





i 

^ I' 



a grees Ceici us to'" Degrees Fatirenheit\ 

\ ' • ] " i ' 

To con\ert °C to °F one, can u^e the formula ^ 



ERIC . 



OF = (L^ X °C) +^32. 
Example. \ •.• 
Change -4Q,°. If^^ to o; F- 



) 
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4r ' 



. 5 

■.•!■ 

r. 



ERIC 



Solution 

. 'T» 

J^Ff^ (1.8 x.°C) + 32 I 
'= (r.8 X 40) + 32' 
=72+32 

A 

= 104° F ' 
Exercise: Change °C to "^F 

1. -20° C --k 

m 

2. 48° C 

3. 100° C 

4. - -5°"C ■" ' 



4 



\ 



6S- 



' 4 



■v 




at* 




i i 



Module Ho: 

* • 


sik)du1e< Titler . ! ' ' 
Mathematics, for Operators , ^ 


■ Submodule Title: ' { » ' 
Heat and Temperature ' ^ ' ' 


Approx. Time:'. 

1 



' 1 hour 



British Thermal Units (BTU^s)'^^ 



-r-r- 



Objecttves: - ' 

The Mearner, will demons trate^the ability^ to detemine the amount of^heat (BTU) 
needed to heat a speftij^ic amount (Lbs.) of water,, ^ 



Instructional -Aids: 
Handout 

AV (overhead transparency) 



\ ^ 



/ 



\ 



In^struQiional Approach: 
Discussion 
Demonstration 
Exercise ^ 



M^eferences: * • * ' - . ^ , ' 

Physics fortCareer Education", Ewer, Nelson. Schurter. McFadden, Prentice Hall' 
nc.. N. J* 



J 



Class Assignments^ 

Give 6 exercise problems to be solved. 



* 1 
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Module } 



loplc: 
BTU's 



Instructor l.'ojtes: 



Instructor Out! |ne: 



1. Handout * ' 

* Emphasis 'DJ 

DT being, the change in 
temperature in op 



Define BTU j ; - . 

Discuss/demc^nst rate how one calculates the 
amount of heat (BTU's) needed to heat a 
specific weight (Lbs.) of water'to a 
required teftiperature. 

'The formula to use is ^ 

BTU = DT Wight of watdr i 

BTU = Britilsh Thermal Unit 

DT = The ch'ange in temperature in 

Weight of water = Weight of water iff Lbs. 

Give 4exer^9ise problems. ^ 

•> 

i 





BTU's , • 

" ■ ■ ■ • 

The definition of Bfu (British Thermal Units) is'that i-t is a measure of ^• 
heat^energy); aftd that if a person heat^ a 1U> of water and raises^e 
temperature F, t^e energy needed is 1 BTU. 

Formula - ^' . ' , . * 

The formula to Dse to calculate the BTU's required to heat water or ^.ludge 
etc. is: ^' ' ; ' * 

BTU = DT X weight in water ^ . ^ 

BTU = British Thermal Units , - 1 

DT = Change 1fi temperature'^ in °F . . ^ ^ . 

Weight pf waCer = Weight of water in -lbs/ * ^ 

Example ^ - • 

How many BTU's 'is needed to heat 40 lbs. of water if the water temperature 
is 4O'OF.0rid it i^ needed at 125° F. . 

Solution , , ' . . 

BTU = DT X Wt. of vfeter , ' ' 

DT = Needed temp. - Starting temp. • ^ / ~ - . 




Therefore:'.- 

BTU = 35°- Fx 40 lbs. yv . . 

\ ' • • ' . 

= 3400 BTU's . • . • 

Exercise . ' • ^ - ' , ^ 

1. How many BTU's is necessary to heat^the temperature of 600 lbs. of. water 
,60'degreeS" (Fahrenheit degrees). . / - • ' 

Z. Waten supplied from tlie main is 52?° F and the pfocess'needs 140° F water 
temperature. How many BTU's is needed if -the volume ofliwater used 
'weighs, 650 lbs.-. ^ . . - *' . 
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'3. A tank has a volume of 128000 gallons. If , the tank lost a total of 
2° F how- many 8TU's is needed to restore the original .temperature. 
* ' . • ■ ' 

4. A cylindrical tank has the* dimensions' of 30 ft. diameter and 12 ft. 
height. It- is' filled with water that has a temperature of 56° F. 
Hfiw'many BTU's are needed to raise the temperature to 130° F. 



V 





s 




Module No: 

."■■1 


flodule Title: 

Mathenratics for Operators^ ' ' ^ ^ 


Submodule Title: . • • . * 
Heat and Temperature 


Approii^."^ Time; 



Calories 



Objectives: ' f ' . 

The learner will demonstrate the ability to determine the amourrt of heat 
(calories) needed to heat a specific amount (Lbs.) of water . 



Instructional Aids: - 
Handout 

AV (overhead , transparency) 



Instructional Approach': 
Discussion ^ . 
Demohstration 
Exercise 



Refaffences: ' - . ^ 

Phystcs for Career ^di/catfon, twer, Nelson,^ Schurter, >1tFadden, Prentice Hflll 
.Inc. N,,.u. , 



Class Assignment's: 

Give 6 exercise problems to be solved". 



J 




P^ge .Il„ of j72^. 



Topic: / 
Calories 



Instructor l;otes: 



instructor Outline; 




ERIC 



Handout 
Emphasis OT 

Dt being the change in 
temperature in ^C. 



J ■ 



1* Define calories 

2. Discuss^^emonstr'ate how one calculates 
^ the amount of heat (calories) needed 

■4a heat b specific weight (Lbs.) of water 
to Y required temperature. • The formula 
to juse is: 

glories =.DT x Weigl;il of water . , 
Calories =/ Thq amount of heat* 

-fx 

DT = The change in temperature in C. 
Weight of water = Weight ^f water in grams 

3. ^ feiye 4 exercise problems. 



4 < 




74 
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Calories 



The definition of calories (a measure of heat) is that the, energy 
needed to raise the temperature of 1 gram 1^ C. 

Formula . ' 

Calories = x Wt. of water 

DT = The change in temperature in degrees eel ci us 
Wt. of water = Weight of watil' in gi^^m 
Exai^le 



The temperature of. a 30 gram weight of water is raised 30 degrees 
the amount of calories needed? ^ ^ 

Solution ; . 

Calories = DT x .Wt. 'of water. 

= 30 X 30 \ ^ ' ' ' 

• =! 900 • 

Exercise 





1:. The starting temperature of -water is'' 10° C, The water teifp. needed is 
800- C. If the weight of the water is itfDO grams, whrat is the calories 
, ' needed? \ ' ' . , " * 

Z. In Problem 1, if the .weight of the water is 1000 kilograms what is the* 
Calories nelade'd. * • v • . - 

A water^tank has the -dimensions of '3b meters x 30^eters x'^15 meters. 
The' t^perature of the water is raised 20 delci us^6g|;ees. .How many ' 
canaries did the w^ater absorb. Exclude any heat loss. ^ , - 

'A water temperature w^s changed from. S4^ C - 64^ C*^^ If 6^7000 caloHes 
were used what w^s tfie weight of the water (assume the water absorbe'd 
all the heat). v . - 



75' 




t - 1 

• 


• • * 


i 

1 : 
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Module No: 


.Module Title: ^ ' * - 




Mathematics for Operators 


^ , ■ • *• 


S^bm^dulfe Jitler / ' ^ 
.He^^nd Temperature ' 


Approx. Time: 


1 hour 


EVALUATION ' . ' / ' " ^ ' 


Objectives: 




The learner will demonstrate the abiHty to determine correctly the answers 'to 
8 out of ip problems related, to: 

1. Conversion' of ^ Of: to- oc 

2. Conversion of °C to °F , ' • _ ' . 

3. ,The. amount of heat needed to heat a specific volume of water either in BTU's 
or calories. 


1. Change 20° C to ° F. ' 


■ a. 43.11° F 




b. 36° F 




c. ■ 68° F 




d. ;42.4° F 


1 


2. - Change 210. 2°. F to °C / ' ' * 


^ * 'a^ 99° .e 


• 


b. " 114.8° C - 




c. .. 320.76° C 


■4 



3. /Change -12° C to ° F 
a. 11.1 ' ■ • 
•b. 10.4^ F . 
c. 



36° F 



d. 4" F 



} 4, 



0 



•1 N 
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4. Change 



to|^- C. 



a. 



4m 



b. 20\0" C P 
' c. *5bJ 
d. 28.0^C I 
5. Change 72°\p"to 
a. 20**-G 
' b. ' 60.0° \c ' 
- c. 57.77° o" 



d.. 22.22" C 

Calculate the caldiries needed to raise the temperature of 280 grams of 
water- from 20° C t\ 36° C. 

■a. 10080 cEpUries * 



/ 



t. 4480 calbrtes^ 
15680 cajbri^ 

d. 5600 calorics x ^ 

The water temperature is dbanged from S4° F to 160° F. If 627,200 BTU's 
was used,'*'what is t;be weigl\t of the water? Assume the water absorbed' all 
the heat. 



a. '664832001;.! bs. 

b. 11614.81 lbs. 

c. 3920.00 lbs. 

d. 59K.98 lbs. 




) 
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■ "J - _ 

3200 gallon's of raw sltidge with' a temperature of 16° C is. pumped to a 

digester. How many BTU's'are needed to- raise' the temperature of the 

sludge to 98° F (1 gallon of -sludge = 8.34 Ibs.k - • Ji. 

y - ' ■ - \ • • • 

a. 119040-.0 BTU's - ' ♦ ' 

. ■ ' • •. • - 

Ik • 0 • ... 

b. . 1921536. BTU's -. • " -. ^ ' 

c. 992793.6 BTU's ' ' V • ' • : ■ . 

d. 2188416.0 "BTU's — * 

How many BTU's is los't»if. 3'20. lbs. of Wteter changJfcemp^rature from 
120° F. to 90° F. 

a. • 38400 BTU^'s . ; . 

9600 BPtl's. ■ . ■ \ , • 

*c. , 28800 BTU's " " 

d. \^500 BTU's . • . 

What i^s the minimum BTU/Day needed to maintain the temperature of sludge 
at'98'\ F in a digester (full) with the dimensions of 25 ft. radi us , 20 ft. 
height: The'sludge loses 2^fahr6nheit degrees/hour. 1 cu.' ft. of sludge 
weighs 64.2 lbs. , » .- ^ ■ - 

*a. 12l'ni>il>ion BTU's • . ' ■ -^.^ " . 

br- 5 /mil Hon BTU's * 

- \ . • • • X - 

c. 1.9 miljion BTU's " ' . - 

d. 30.2 million BTU's - . ' . 





• • 




' 3 \ ' 








* T 


Module Uo: 








i 












* 
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Mathemati\:s'' for Opfer^ors 



L^bjectives: 



Approx. Time/ 
1, hour 



Submodul^ Title: 




Top^c: 

Nomems:latures ' 



tlnZX Tie'^erH'sill.?'^'"'"^''^- identify .multiples and, • /] 



Insltructional'Ards:, ' • 
Handout . • " 
AV»( overhead transparency) 



•/ 



ERLC 



nstructional Approach; 
Discussion 
Demonstration 
Exercise 



References; 




lIl^VN^J?"".^'-"!" "'^7"* Schurter. McFadden. Preitrce H^ll 



.Class Assignmonis: . ^ - 

Giveh'lO exercise problems to be solved. 



8o: 
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Topic: 

Nomeric'/ature 



InstructQr liOtes: 



\ - } instructor Outline": 



1. ' Handout 




J" 



L 
2. 



DefH^a^' metric systems. 

Discuss/demonstrate the prefixes, symbols 
and multiplication^ factors, in the nietric 
system. ^ 

3. Give IQ exercise problem^ where the learner' 
will practice to, ifTa'tch symbols., prefixes 
and multiplication factpfs. 



/•* i 



'1 

I 




V 



a?* 




4k 



m.. 



1 



\ 



) 




■r 



1^ 
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To be able to use. m&tn'c systems one shtjuld be able to identify the prefixes. 
It is important, to remember thai metric 'systems are obtained by multiplying/' 

• , ' **SYMBOLS'i 



the basic unit o-fi||(one) with multiples of ten 

. MULTIPLES AND PREFIXES 



Multiplication Factors 
1,000, 000, 000 ,000 =■ 10^2 

. 1,000,000,000 = 10^ 

' 1,000,000 = 10^ 

' 1,000 = io?/'- 

100 = 10^ I 
10, ^ 10^'-. 



4 



.■'\ 



0.01 =■ 10-2 
0.001 = 10"3 



0.000,001 = 10^ 
i • 



0.000,000,001 = lD-9 

^0.000^000,000 , 00 i#]|p-i? 



Exercise 



Indicate the prefix of . 



1. 



2. 


10-3 


• % 


3. 






-4. 


10 1 • 




5. 


10-3 - 


s 


6-. 




'm ■■ 



Prefix 
Tera ^ 
- Giga 
Mega 

'kilo ^ 

Hecto 
t^Deka - 




? 



4 



(Basic Unit) 




Deci ) 




CENTI , » 








MILLI 




MICRO 




m 




Nano 




Pico • 
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ftodule Title: . 
Mathematics ^for Operators^ » 
Submodule TiiVe^ 



h hour 



!v Metric Systems ' 



Topic- 
Linear Measurement?^ 



Objectives: ' . * - * 

Theferrier|Will demonstrate the abilHy to'convert to the main metric unit, 
(met^r) measjjrement - , . ^ ' . 

a. Micrometer 

b^ )1i llimeter " . t 



?-!Centime^er 
•|<ilometer 



J / 



Instructional .Ajds:- 

Handbut ; — ^ 

AV (pverhea^ Trans par ancy) 



V 



i 

^1 



InstHuctionaJ .Approach: 
Discission 
Demonstration 
Exercise ir 



References : , ' ' • > \ ^ > 

Physicscfor Career ^ucation. Ewer, Nelson, Schu4ter. 
Inc. N. J. . • ■ ■ . • 

■ ■ • ■• ' -. ' r • 



McFadden Prentfce. ftal 1 



Class A&signnicnts: •' ' 
S?vVeVr 10 exercise^profblems to be solved. 
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Module Wof 



-Topic; 
Linear Measurement 



Instructpc^ji'otes : - 



' Instructor Outline: 



l.r' Handoug" 



• I 



r 



.ERJC 



Define the basic unit ^of, the Inetric 
measurement system 9s the meter* ' 



Djscuss/demonstrate how one converts, 
several linear metric measurement units to 
the base unit th6 meter. . " . 




The units to change are: 

• Micrometer 
Millimeter . 
O^nti meter 
Kilometer 



0 



Gtve 10 exercise problems.. 



V 



J 



1 % • » 
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lM^lHin mettHc unit f on linear measurement (distance) is the meter.. 



The meter has. a symBol of^) and since it is- the-BASiC UNIT it has a value^^ 
of'on» (l). • ^ : . _ »^ 



Let US inevieW the most frequently u§ed multiples > prefixes and symboTs\ 
ItfOO = XI LO = k . " ' 
1 = Basi^ c Unit'T m fo r Jinear feasurement 

0. 01. - CENTI = c . ~ ^ * . ' . 
•0.001 = MILLI = m ' 

In dealing w|th linear measur§meTits one sJibtThf remember two items 

1. The prefix and . • * 



2.. Jhe basi^ unit 
Example 

kilo' MEtRE 



Iw 



Si 



REMEMBER that in metrics ALL VALOeS of Ji near measurement have to "end with \ 
the basic uni.t the meter. - , , . 

The more common mefric, linear measurements that water and wastewater plant 
operators us^ are: 



yi. Micrometer ( m) has a value of 1,000,'OOOtb* of .a meter 

Z. Millimeter (irrn) h§s a value of 1000th of a meter' 

3. 'Centimeter (em)' has a value*Df 100th of d.meter 

•:4. Kilometer (km) has a value *of 1000 meters • ^ 



\ 

Example \^ 
•-t^onvert*;! m&tgr to millimeter. 
S^olution 

•Since 1 mtlli^net'er = 1/1000, of a .meter ' 
Theh 1 meter = 1000 millimeters 
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Example. 

Change 16 cm to meter: 
Sblutlon ^ 



' 1 cm = 1/100 of a metei- 
.^Tljerefore ^ 

Ifr c = WlW meters - 0.16 meters 
^. Exercise 
Convert • ' ^ 

I* 0.25 mm to meters 
2. ' 63^5 meters to km 
^ ;3.- 428 cm: to meters}- 



r^■' 



. 4. 67 meters tp-mm 
■'^S-. 3 cm to micrometer i^m) 
{6. 4 km to meters ^ „^ • 

7. 2 km td cm ^ ^ 

8. jy.Z cm lo mm 

9. 0.5/cm to mfeters 




.10. .A settling tarik "has 'a length of 10 metei?s.- A baffte Js'plaeerf O.T)9 of 
5^ . a meter across the width from the' end.. How man^ crffMs thg. baffle placed ^ 
/ \ away fro» the end. ^"^ ' r^ -. : - ' ^.-- '^ / 1 




> / 



1 'V 



:;'ERIC;:.;^ 



■a; 
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Module No: 

V 

> 


<Mo(iule Title: - ^ , . * . 

Mathem^ics for Operators . " ^ * " ♦ . 

^ ■ -^iy — 


Submoduie Title: ' } 

Metric ■System " . 

1 — — , — 


Upprox. Time: ■ 

• - •.. 


^•Topic: • . 

Volumes , ^ " * 
• ■ . ^ — '■ r- 



The .learner will demonstrate., the ability to con Vert to the main metric unit- 
measurement (lUer). ' ' , ■ . - * 



a. • Mifcroliter . 

b. Milliliter . 

c. ^ Cubic centimeter 



\ 



Instructioha) MiSi'i\y > ^^V^f 






' '\ ■ 


Handout • « • ^ ^ * 






AV (overhead- transparancy) 

7 




* 




r 






\ ■ 



Instructional .Approacf) 

Discussion*. 
0eniohs'trat?ion 
Exercise 




R^ferencesr . , * . > 

Physics for Career Education,/ Ewer, ffelson, Schurter, McFadden, Prentice Hall ' 
inc. N. q. ^ ' • . ■ . 



Class 'Assignajdnts: , . ' h 

Given 10 es^ercise^ problems; to be solved. 



4- 
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Module He: 



tr- 

Instructor Uotcs: 



Topic: - 
Volifgs 



1. Handout-..' 



Instructor Outline: 



1.' Define the base unit^value of , the rnetric 
.system (liter). . " 

<i ' , 

» ______ ' 

2* Discuss/demonstrate how one converts* - 
S metric voiume' measujgement units to 
the- base umt (the llter)/^^ • 



The units to change a^e: 



ar"^ Microliter 

b. Milliter 

c. Cubic centimeter 



3. Gj^vi^ 10 exercise problems. ^ 



iX 




i' . 




IP. 



•89 



-* ''Or 



^ 1 



-If 



V/ 
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the main metric unit- volume- CHquid) measurement is_the .liter/ ' 

Jhe Itter has a symbol oK(l) ,and since it -is the BASIC UNIT it has .a value 
^^of dn^, (1). i." ■ ] 

[i Let us^ review ^He most frequently used multiplesv-prefixes and symbols, 
1 = Basic Unit = 1 for vo1l|^s^ 



.^Jj 0.001f= MILLI ^ m' \ 

1.1 



O'.DOOOOl ^ MICRO' = it 



•Many a time one come? across linear measurement units expressing volumes. 



^ i I ^^^^^ ceatimeters, cubic meters indicating volume,^ 



i • 



In- metrics a volume,^ of water of (Ij milliliter occupies ?ilso a value of 
1 cubic centimeter. So one can see thl^' possibilities of different val ues 
[| used depending :oii 'the process and ncimbjars/. . ■ ... 

I Exampi^ % " i " " ' * ^ 

j Large 'volumes' ^f^'aie^.are recorded iri cubic meters (m^) ratier than lijter^. ' ? 
^ 1000 liters - l m^ j 



-or 



|( 1 m^ = i.ooo.ido' (c*3) 

1^ Small volumes' 6t waier ar^easured in.-liters (1) -or milliters (wl) 

' M = ipop^ml ^ , ^ ' ' - .. 

- . • - . ■ ■ i, 

And extremely small ■'vol imes of water are measured in micnpli-Cers (ml) 

V 1 ml = 1000 (ml^ • , / . ' , ' * ' . • 



4^ » 



or 1 ml = I/IOOO' of a ml 
. ExampTe 
Convert 5 liters to mil liters 
Solution • ' 

/. j\ Since* 1 l+tpr = 1.00Q ml 
- / f "Then 5 liters = 5000 ml 

V ■ I ■". ^ r. ■ 

■ '**'- 



Exercise 



Converts 



1. 10' liters to ml 



2. «e>"l05o ml^ to 'liters 

3. 50Q ml to liters ♦ 

4. 2 ml ta microliters (ml). 
5'. 80;O00 ml to (1)' 

6. SOi^ml to (on^) 

7. 100' m^ to titeW 

8. 70,000 liters to\3 .. 

9. 'eO jil ^to lii^^rs 



V 



10. 'A |ettlSngHank has the dimension^ of 10 meters by^ 3 rnJters by 8 meters^ 



a. How-many (m"^) of water does it hold and 
b/ How;many liters doe§ Uphold. 



Module lio: . 



4 ^ 



A. 



ERIC 



Approx. Time: 
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ftodule Title! . - / 
Mathematics for Operators /\ 



Submodule. Title: 
Metric System . 



h hour. 



• Topic: ^ 
Mass (weight) 



V 



Objectives: 



The learner will -demonstrate the ability to convert, td tl|e main metric unit ' 
measqreraent (gjam)^. ^ *t / * ' - 

^ Milligram • • / ' , , 

b. ' -Kilogram 'S " * • 



/ 



Instructional Aids: ^ / 
Handout > * ^ 
AV (overhead transparancy) > 



0 . V 



Instructional Approach: 
D1scussion\ 
Demonstration ' ' • 
Exercise c . ' 



Reference: f *' , *\ - ^ ■ 

•Physics ^:for Career ■Educatiorr>£wer, 'Nelson, Schurter, McFadden-, Prentice HaTl 



/ 



Clds^Assiqnnients:* ' * 
Given 10 exercise problems.' to be SQlved 



i 

if 



..p ' 



.92 



I 
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Module I Jo: 



Topic; 

Mass (weight) 



Instructor l^fites: 



Instructor .Outline: 



1. Handout 



1. Define MASS as the "amount/of matter" fn 
an object OT"a specif ic^vo^ume measured 
in grams or kildgrams. '* . 

2. Define the base unit mass (weight) of the 
metT;ic sys^tem (the gran). ^ 

V 

Discuss/demonstrate how one -converts- metric 
weights to the base unit (the gr^fii),<' 

jt 

. The units'^to change are: 

- ^« 

a. Milligram. 

b. JKi Togrtihi . 

4, .Give 10 "Exercise problems; 





93 ■ : 
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The' main metric^nit Vor mass (weight) is .the gram. ' ^ • 

Tfjie gram has ,a syntol of (g) and since it is the Basic Unit it has a value < 
-0^ jone (1). . - ' 

The most -^freqt^ently used^ metric units to express weight^are " 

* ' . . ' ^* ' ' ' \ 

a. Kilogray (kg) - has a value of 1000 grams • ^ ' ^ ^ 

b. Gram (g) - the basis* metric unit; of weight - 

c. Minigram (mg) - has a value of 1/lOOOth of a gram 

d. Microgram (*\g) - has a valife of 1/1,000,000' "of a gram 
.Example ' 
• Convert 10 grams to mi] rdgrai||j ^ ^ 

Solution . . ' 

1 mg = 1^ 100ft of a gram 
Therefore L gram = 1000 mg . 
10 gram - lO,000 mg / . ' / ' * 

Exercise • r ' - ' 

Convert^ . * - : . ; - 

L 250 mg to grams ^ ^ ' ^ ' ' ' . 

y2' &3 kilograms" to grams ^ % * \ * C . ^. . ^ , - 

'3. 49B6 grams to kiMogr^n^. * 

4. '23.5 grains .to milligrams^ - . • ' / 

. ' - - ■ * * * ' ' i 

5. ' 0.2 mg to grams ' ' . • . ' ' /, 

' ' ' ' ' C " * * • ^ ^ ' ' ' • J'* 

In metrics therp^ is also a correlation to. volume and' mass of pure water. ^ 

' ' 0 ' ' i . - \ ^ ' ' 

1 milliliter of [iure<water weighs 1 ^ram* v ' 
Example • ^' *y ^ ' > . ' / / * 



1^! 



How -many grams ^does • 500 ,fnl • of w^ter weidh? 



SO 




• 
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i 

4- 



Sol ution ' ' 
1 ml — 1 gram ,^ ' ' / 
500 151=? N. . / 
500 X 1 500 grams 
Exercise ' . ■ ' ^ ' • - , 

1. A filter: paper weighs 0,002 grams* HtJw maft^ mg does this represent? * 

2. How much. does 8.34 c-ubic centitneters* of pure watdr weigh? 

3. How many grains, of chlorine fs added ifo -20,000 liters of pure water to 
^^i^e a 60 mg/1 coi?Tjentration\ ^ - 

4. Con vert ' 60 kg t^mg,. : • ^ 

5. Convert 0.0005 g to mg H 




1 



.'.-as 



< 



Module No: • 


ftodule Title: ^ ' . * 

? * • ^ , ■ * \ 
^fathemati6s for Opei^ators . • ^ 

' , ' — r— ^ n ! : — ^ ^ ^ — ^ > 


'Subnx)dule H'UTe: ' * ^ ^ - • ' • ' 

* . J ' r /. * 
Metric Systems „- • * 


1 Approx, Time; . 


^ . 

. labour 


Topic: {' ^ * • . ^ 
Conversion ^ N • ^ • . - * 

■ 1 ■ . 1 , . ^ 

V i 



The Teamer wi.n denionstrate'th^ ^ability ta c^nv^rt 

1. Metric ^values^^to E;nglish vaTues*. 

2. Englisfi -Values .to metric values.. 



Instru(^onal Aids:] 

Handout: .i * . ^ 

AV (overhead transp^feira'ncy) 

■ • 3 



I 



Instructional fifproach: - 

Discussion , . 

Demons trationr 
Exercisq 

■\ ' . , 



1 

if 




References; ^ ^ ] \* . * • ' ' .* ' . 

Physrcs for Career ^Educati^n ^ Ewer, N§1 son;/ Schurter, Madden Prenti|^aJ^l' 
Inc*N»J, — «' ^ ^ \ r ■ -^^^^^ 



Class Assignnionts: , ^ 
(iivfen 10 exercise problems to be schved. 
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Module Ilo: 



Tx)pic: 
Conversion 



Instructor*l;otcs : 



' Instructor Outline: 



1- ' Handout 



2: a; Refer to. Module No.' 

• \ ^ , 

• Submodule title: Weight 
(pounds) 



Topic conversion 



b. . Refer to Module 



Submodule Ti^^tle; Flow. 
Rate. . ; 

Topic conversion 



V • ; 



Note: It.is highly recommended that this type 
• of conversion be not encouraged. , 

h Discuss /demonstrate how one converts: 

* a. ^Gallons to'*liters using the formul|a: / 

Liters = Gallons x 3.75 

b/ Liters .to 'gal Ions using ttje formula: 

Gallons = Liters 
3.75 

c.^ Lbs. to Kilograms using' the formula:. 
Kg = lbs. ■ . . - 

. . d. Kilograms to lbs. using the 'formula: 

; Lbs. = Kg. X- 2.204 - 

2. DisQUss/demonstrate how one^converts 
concentration (mg/l) ,to kilograms if the 
volune of water is measured in million , 
gallon (MG) using the formula: 

> 

Kg =. Mg/l"x 3.78 X Q 

•'1^ = Ki 1 ogram °. " 

■•Mg/l-*= Concentratiion in Mg/l 

Q = Flow rate or V^i^ume in million gallons 
■ (MG or MGD). • ' 



I' 
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• 


• * - » » » * - , 
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ThCconversljpn'of English units to metrics of metric units to English can be 
attained by using conversion factors. The simplest to use are: ' 




1 inch = 2.5,4. cm ^ ^ . ' ^ .* ^ ] 
1 gallon = 3.75 liters 

2.204 pounds = 1 kg". * - ' . . : 




Example ' ; ' iv - / " , . 
Convert 15 lbs. to kg. . . 


• 

< ' * .' 


Solution ^ * • . „ . 




2.204 lb. = 1 kg-. ^ 

15 lbs. = X)^g ' 

• 15 lbs. X !• kg _ ^ , ^ : * 

2:204 lbs. - ^•Qj^'^g- ' • . . ' • 


/ 
^ % 

J 


A Special interest'to water and wastewater plant operators is the conversion^ 
of lbs/day to kg/day. '\ ' ^' 

Example ^ * ' ^ ' - ' / • \ • ; 

Calculate the kg/day of solids if the flow of-water is 135,000, gallons gnVthe' 
solid concentration is 30 mg/1.' / * . « . . j 




Solution * . - ' 


i 

: I . 
t 

• '** - 


Ibs./d^ = mg/l x 8.34 x Q- * ' ^ * . *^ 
= 30<x 8.34 X .135 * * ' ' 
= 33.777 lbs'. /day ^ - j 


♦ 

* 


Since 2.2D4 lbs. f I'kg* . . 

Then . • 

33 777 * ' ' ' ' " . • - 
.= 15.33 kg/day , • ^ ' . . 

, ' ' . / ' . ■ ' -. . ■ ^ 
Another method of -converting concentration (mg/l) to kg/day using Q in gallons/ 
day is tb use the formula ' ' ' • . . " . .' 

. - ^ , . 

kg/deiy/= mg/l x 3.78 x Q , ' ♦ • . ' * ! 


- . ' ■ . ■>•■ 


' \ '' \ ^ ' ' -"^ 
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If the flow is recorded on -cubic m^t^rs/da^y (m /day). The ^ormul^ to use - 
in converting concentration to kg/day is * ^ ( 

kg/dc^y = cojic. (mg/1) x Q ,ni^/day) x 0.001; ' ' 

' Example - . ■ - ' . * 

The flow 1:0 a treatment plant is 60,000 m^/day and the concentration of BOD 
is 188 mg/1. What is the kg/day of BOD? ^ ^ 

Solution ~ ' 

•kg/day = Xonc. x'Q x .OOl . * . . 

188 X 60,000 X .001 . • . . 

= 11280 kg/day ' , 

Exercise' ' ■ ^ 



1. Convert, leSjOOO gallons to liters! '', , * , ' 

2. /Convert 16^5,000 .gallons to cubic meters . v ' 

3. Convert '4 feet to meters- , * 

4. Convert. 385 lbs. to kilograms • " 

5. Convert 56,000^'mg to lbs. ^ . 

■ ^ ■ . . 

6. How many ciibic meters of water does a 14 inch water main 20 feet long • 
hold? • . ' 

7^ , The-BQD concentratiop of a wastewater flow iS\22 mg/1. ' The. flow is 
1$8,0Q0 gallons/day. Ca'lculate the* kg/day of BOD in the wastewater. 

8. How many kg is a 15Q lb, cylinder of -chlorine. [ - , ' 

9. ' You^need to feed sodiun flouride (Na .F), into your water at'^a rate of ' 
. . 0.006 grams per second for 24 tours. How many lbs. of Na F is needed 

for a day. v ' . , — , / 

rlO. How* mai)y kg/day of chTorine is .use^^if'the flow is?&.2 MGD and the 'dose 
coneentra'titin is 8.2^1ng/l. ? 




Module Title: 
Mathemat'ic$*»for 'Operators 
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Submodule 
Metric Systems 



:$*9for ( 
Tity: 



1 , 



/ 



EVALUATION 

\ 



Objectl^ 



1. Measurements - " * , . ' 

'2. .Volumes v'^ ^ ^ _jL ' 

3. Mass * * . . ' ' ^ . r 

4. -ConveVs'ion , * ■ . " ' , ^ ' 



1. Convert 6000 meters ta kilometers 

* 

a. .6 ' 

b. . 6 
*c.<' 600 

d. '60 

2. Convert 5 liters to mi p iters 
■ a. 50 
'b. .5 

c. 5000 

d. " 500 - . 

3. Convert 26 grams to mg 

a. 26000 

b. .26 ' , 

c. .026 " ^ 
. d.'"..0O26 



100 
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4-. .'Convert 0.0156 grams per liter to mg/1 ^ , 
*a. ■ 156 mg/.l 

4 \ " ■ ' 

« * 

"b. 1.56 mg/l ' \ 

c. 15.6. mg/1 ^ ' ' ' 

d. i ,00156 |ng/) • • ^ . ^ « . 

5. -'A flow to a treatment plant. of 160,000 iTi?/day^ntains 40 mg/1 of 
.■calcium. How ijiany kg/<lay of calcium does the flow contain? 

a. 6.4 \ ' "\ . ' . ' • ■ / 

b. 6400 . ; ' * . 

c. 53.4 . ; ' . . - ' ' I 

* \ ' • - - - 

d. 640 „ * • " ^ . ■ ' 

6. The voluipe 'of wastewater measured is" 289,000 gallons/jiay. The chlorineo 
applied to the flow is af a dose of 12-. 2 mg/1. How many kg of CI, is 

a.^ * 13222 kg ' ' ^j.- 

h. 29 A kg. ' • ' : 

c. ■ 13.3 kg , - ' > - , 

d. 2.94 kg ' . . 

• * • * * 

7. The dimensions of a tank is 20 meters by 12 meters x -3 meters; Wffat - ° 
IS the volume of water, it contains^ " ' 

a. 7.2 m3 v 

b. 4320 m3 ' - . ■ ^ . ' , 

c. 72000 m^ V ' ' . • i • ' 



t 



d. 720 m3 ' . ' , * I ' 

',•>'■ ^ ■ ■ 

8. Youf laboratory requires a minimum of 6 iftjers' of. sample. How many' 
, gallons does this represent? 
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9. Convert 2.2 MGD to mvday • 

■ a. " 825 m3/day * • - • . - ♦ 

- - ■ '' >' 

b. 8250 m^/cfey ' * " ' • , \ 

. c, 825G0 m^/day . . ^ . 

d. 2220 m^/day ' * , - ' ; • ' - ' 

^ - • ' ^ - • 

10. Convert the cost of a A50^ lbs chlorine purchased for "$70.00 to ilollars^ 
per kg. ^ - • 



. r 



a. 
•b. 
c. 



0.47 $/kg 
°1.03f$/kg 
.103 $/kg 



, -.d. 8.6 $/kg 



/ 
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* 

Modu>e !Jo: 






• 




Evaluation ' . 




lAstraCtor l.otCS' 




Instructor pQtl^'net - ^ , . • 




1. Handout- ' 




1. Give 10 evaluation problems. • ' 




Answers 
1. -b 


_ „ c 






2. c ' ^ . 

3. a 






-»> 


4. c 

» ■ 

5. b - 

6. c - 

7. d , 






\ 


8. b ' 

9. b ■ 

10. b 

1 







* . t 

4: 
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Module Ho: 

o 

\ 



Apiprox. Tinie: \ 

A 

3 hour% 



Objectives: * < • . ; ' . ' 

The -learner will demonstrate the ability to .calculate correctly the hydraulic 
loading of a plant or unit process* ^ 

L Hydraulic loading/surface settling rate ' ' » ■ ' , 

Z. Weir over^flow rate ' ■ * . ' ^ 



Modu-le Title: 
Matherijatics for Operators 



Submodule Title: 



Hyd|^aulic Loading 




Topic: \ 

HydrauTic Loading 



Instructional Aids: ' 



Handout 

AV Coyerhead transparancy)' 



\ 



Instructional 'Approach: 

Discussion 
Demonstration 
Exercise • 



/ 



t 



References: ' . • 

Workbook, Basic Ma^ematics and' Wastewater, Processing Calculations, N- Y. Dept. 
of^Env. Conserv^tiori. - ^ ^ .t - " "/ 

Study Aid Workbook, Mathematics for Wastewater Treatment Plant Operators^ ' ' 
California Water Pollution* Cdntrol Association. . • . / 



Class Assignments: . 



R^ad handouF / 
>>pr Given 10 exersj4e' problems to bff solved. * 
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Nodule No: 



Topiq: 
- Hydraulic Loading 



Instructor J/otes: 



Instructor .5utl ine: 



1. Give handout 



1. Discuss and demonstrate how one calculates*. 
\ tl]e hydraulic loading using the formula: 



Uni tS' 



HL = Q 



\^ = Gallons per d^ per unit 
^rface area 

Q = Gallons per day 

.^Surface area depends on ithe 
fun it process 

Depending on the fnit process 
HL has a value of: 



HL = Hydraulic loading 

Q = F^ow rat;^e \ 
SA = Surface^rea 

" - « 



i. Filters 



/• 



/ 



a. ^ GPD/ft'^ 

b. GPD/acr6 

o. GPM/f ■ i 

2. Cl.afifiers 

a. GPD/ft2^ 

b. GPD/acre 

3. ^Trickling fillers 

a. >D/ft2 . 
b? • GPD/acr^ 



4. Secondary clanfiers. - ., 
^' a. GPfi/ft^ ' • 



t' • b. .. GPD/acre 



\ 



■ids ■ , 



/ 



/A 



■ ( 



I J 



\ - 



:ERIC • 



Module 'Ho: 



Topic: 

Hydraulic Loading 



Instructor IJotes: / 



5.^ ' 'Rotating biolojgical filters 

a. ^5PD/ft2 ^. 

'6., Waste -stabilization ponds. 

' 'I ' . * 

.a. GPD/acre^ 

b. MGAD 



The unit valueS 'ara: 

WOR = GPD/ft. 
Q .= GPD 

WL.= ^t. \ 



Instructor Outlire 



2. Discuss and 
the weir pver 



'WOR = Weir 6^(irfl()w rate 
Q = Flow rate 
. WL ^ Wei^r length 



r 

01 V 



fi,age 103; H 172' 



d|^m6hstrate,how one calculates 
low rate using the formitlat ,- 



106 ' 





• 








/ . - . . • • 


r 








* 

« ^ 

• 




* 






• r ■ 
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Module Nb: 


Topic: .;- _ ; • ■\. ' . ■" ' " , \ 
Hydraulic. Loading ' . ' . • 




• 




.Instructor Notes 




In$tructor 'Outlxiner' ^' / . 


V 




* 


'Indicate the different types' 
and/Shape^s of weirs 

• > 


3,. Give exercis'e problems. 

• '. • • * • 

♦ ' / 








• 

4 

« 


*> 
« 




T 












/ 


> 


< 






/ 

- ' ► • ^ ! 
















N. 

f 

• ♦ 




> 

• * 


* 


• 

/ ' - , ' • 








< 

s 








* * 




c ■» 




... »^ ^ ^ ^ , 






> 






r 


r, 

\ 

4' 


' o ■ 
ERLC 




\ 

■ ■ < — . ■ ^ . — ^ ^ 


• 


9 , 



The hydraulic loading of. a treattrii^t unit is defined afs^:£he amount 
applied' to a speci'fic surface area. 

, IT-IS 'ALSO KNOWN A5 JHE SURFACE SETTLli^G RATE.v 

That -is if 'one adds /5 gallons of water on l\square foot,* then ihe 
hydraulic loading is. S-.gaT./ft^ ^/ 

Th^fbripu'la to^'use is ' y 




HL = 




' ^ HL =*Hyci^aulic'' loading; 
Q = Flow rate 
SA =, Surface -area, ' ' 



Example 



Wh,at i's the hydraulic loading of a clariti.er if the "Phowj's 600;O00 
per d^y >and ^the surface area is 600 sq.. ft. \ ^ 

^olutiVn - . • . * 

HL = Q * • ' . • • ■ ■ . 

SA * • ^ • - 



gallons 



= 600,000 . 
. = 6000 GPD/Tt^ 



This means that 6000 gallons of water per day is applied to One square ft 

Hydraulic loadfjig is used in many different operational units by operators. 
"It is \maihly a' design ' factor tha't' one attempts' to mai'ntai-n 'sp^s, to get 
good .opera.t^i6n. , / ' ' 

The/uni ts • that HL isl u$e(i in are ^ ^ * 

a. Filters such, »as ^sand filters^, pressure filters, .carfion* filte'rs, and , ' 
filters iising the upflow design. ' Hy-draulic loading in filters -.has, '1;^' 
, ' a valQe:of *• - \' . f ^ . 



k "GPM/ft2'" 
2. €Pp/ft2 ' 

N 

•3; GPD/Acre 
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b. CJarff>ers/Sett3,ing Basis/Sedilientation --units. Hydraulic loading values 
* ^ are /reported in "■ ^ . • y 

1. . "GPD/ft^ • •' ' 

c. 'Trickling flMters/Rotating biological filters/ Waste Stabilizationl'Ponds/ 
Poli-shing lagoons. Hydraulic loading values are reported in 

• • ' , o . . / / ^ . 

1. GPp/ft^ '7 : . • ^ 

. 2. GPD/acre. *.'>!', ' * 

. 3'. MGAD> ' ' ,F ' 

• * ■ • " " 

tHE VALUES OF Q (FLOW RATE) AND "SA (SURFACE AREA) DEPEND ON THE VALUE -OF 
1IYDRAULI6- LOADING. . . 

Example ' ' ^ ^ 

* " '. ' ' ' 

Th^ value of HL is .GPDAft^.^then Q = GPD.and SA - ft^ 

.. * , ' . 

Example, ' . ' " , , ■ - 

The valtie of HL is GPM/ft2, then Q^= GPM and SA = ft^ . ' . 

Exercise / ;f ^ 

* • . * 

/l. A' settling basin has a suf-face afea of 385 sq 4ft. The f^ow to the^basin 
^ ; ^is 24 MGD.7._What is thfe.hydraulicMoadTng in-GPp/ft2~ • 

1 # r • • 

•2. Calculate .the hydraulic loading of a lagopn with an area of 9 acreS and 
' a flow of 0.6 MGD, .Ans. in MGAD. 

3. 'rcalculate the hydraulic loading of a primary clari'fier 50 x 20 if thfe 
^ flow is 1.3-MGD. -Ans. in GPD/ft2 

4. -Calculate the surface settling rate of a clarifier 25° ft. in radius and 
a flow of 2 cubic feet/sec. GPD ft^ .-' * ;- 

,.5.* Calculate the upflow ralle on. a* water £reat)nient fitter witlT a radius 
-^ ■of 12 ft. in, diameter and flow rate of 34o'GPM.^ Ams, 'in GPM/ft^^ 

6. A sand filter 15 ffc'x 6 ft.- receives a flow of'450 GPM. Calc'alate the'"" 
%draul,ic 'loading. _ Ans. in GPM/ft2.^ 

7. A trickling filter" 30 ft. radius and 6 ft. deep receives a flDW Qf^ 
. r 155,000 GPD:. . Calculate hydraulic loading in GPD/ft2 • ^ .* 



Weir Overflow- Rate - ^ , ■ ' ' 

Weir overflS^^te (WOR) is calculated by dividing the flow rate of water " 
by the length' Wthe weir. ' ' 

• . • . ^ ■ f 

weir overflew rate is Tal^o known as weir-loading • 

IT IS IMPORTANT TO" REMEMBER THAT WEIR LENGTH IS Vhe'.ToI-AL LENGTH- OF iiEIR ■ 
FROM WHERE WATER IS REMOVED FROM A. UNIT. I . „' v 

The formula to use 'is • - ■. ' \ .' • 

WOR = Q , • WOR =■ Weir overflow rate 

WL - ' , I '• 

' • - 'Q = Flbw rate 

■ r ' WL = Weir length 

The usual unit values- of ;WOR is in GPD/ft. fg^ 

Example * , ■ . - ■ ~- > r 

The weir length of a circular clarifier is 157 ft. The flow' rate to the 
cj^ifier is 117,750 GPJ). Calculate the weir overflow rate. . . 

- SolutTOP 5 . •' , . 

WOR =, Q • . - ■ ' / ' . - ; 

^ ■■ ' ;>..■• * . 

= 117.750^ ' 
. 15.7 ■ • ' - ■ 

• - , - ' - ^: 

= 750 GPD/ft.' : ■ > . . . • 

Exercise . - ■ . ■' . . „ *' ' 

' . * , ■> • . ir- • • - 

4.' A rectangular claHfler 40 ft. length, 20 ft. wide and depth of 8 ft. * ' 
The flow rate is 11 GPM. The direction of the flow through- the clarifier 
is thi:;ough. the length-. Calculate the weir overflow rate. (Ans'. in 
GPD/ft. ' ^ ... .• ' -V- . " - * . 

2; A circular settling basin with a weir radius of 30 ft. "an'd'a flow" rate 
of..l23 MGD. Calculate the weir "overflow rate. • . 

3. A flocculator clarifier (See sketch for detatk) receives a flow of 
3mirllion gal.lons/d^r Calculate the wei r overflow >ate. 
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Module No: 



Approx. Time: 



1 hour 



Module Title: 
Mathematics for Operators 



Submodule Title: 
Hydraulic Loading 




LUATION 



Objectives: 

The lectmeiTVill demonstrate the ability to detprmiije correctly the answers to 
8 out of/lO problems* related to hydraulic loading of a unit proQess related to • 
water and wastewater technology. • ' - . ' ' 

A square settling tank- 35'. x 35* x 7.5 (H) receives a flow of 475 GPM. The 
yveir length is 140 :inMength. Wh^t is the hydraulic loading? 

a. . 4885.7 GPD/ft^ ^ 

b*. 7.5 GPD/ft^ • , . ' _ . / . 

. c. 558. 3& GPD/ft^ - ■ . ' 

d. .13.57 GPD/ff^ - ^ 

\ ^ * r * * 

2. in .Problem 1 what is the^weir overflow rate? . ♦ , 

- y • 

•a. 4885.7 GPD/ft. ' . > ' , • ° " . 

'b. 7.5 GPD/ft. ' * ' . a • 

c. 558,3MGPD/>ft. , . ^ • 

'd. 13. S7 GPD/ft. ■ , , • , • ■ . - 

3. The weir diameter of a circular clarifier. is 55 feet. The clarifier receives 
flow of 6.25 GPS, Calculate the weir overfTow rate. *. , : ■ , 7 



) 



a. 3126:8 GPD/ft. 

b. 113.7 GPD/ft.- ' 

c. 227.4 GPD/ft^ 

d. 52.2 GPD/ft. 



11 



z 
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.4.' In'Pfoblem 3 what .is the 'surface settling rate? 

. 

a. 3126. -8 GPD/ft2 \' 

b. 113.7 GPD/ft2., •';}•" * 

c. ^ 227.4 GPD/ft^/ ' • ^* ' " • ■ • • ' ' * . 
d; 5^.2 GPD/ft^ - • • " ' • 

5. A -pressure filter 10 ft, in diaryeter receives a flow of 300 GPM. 
^ Calculate ihe hydraulic loading. ^ ~ ' ' 

a. 3.8 GPM/ft^' " , ~ ■ • * , ■ 

b. . 1 ^GPM/ft^' • r - . . . • 

c. 15 GPM/ft^ 
.d. -SSO^M/ft^ 

6. A lagoon'350' wide and 475'! long and 4'deep.' What is the hydraulic 
loading if the flow isL.5 M(?D. 

a. 263 GPD/ft^ 
- b. 357'GPD/I^t^ 

c. ,0.75 GPD/ft^ 
• ' d.V 3 GPD/ft^ 

7. A sand-filter 15 ft. x 5 ft. receives a flow of 350,000 gallons/day.- 
>What is the hy dr,&ulic loading? ^ 

a. 4666.6-GPM/ft2 



b. . 3.24 GPM/ft^ 



■ c. .15 GPM/ff^ 

d. , 5. GPM/ft'^ - , • • . , . , • 

8. A standard* trickling filter wjth a radius of .38 'Tt. receives a flow of » 
200,000 GP^D. , Calculate the .hydraulic loading. i • - . • 

■' , ■ ' • ' • • 

■ a.- '838 GPD/ft. ' ' ' * ' 
b._44 GPp//^2 . . ' 

..c:' '419 G^D/n2 ' • - ' r ' 
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A* circular clarifier has a diameter of 75 ft. The weir diameter is 
72 ft. The flow for'the day is 2,500,000 gallons. What -is the weir 
loading? ' . ; • , 4^ • .' ' 

' •' " ' - ■ " ' • '\ ' 

'a.. 11058 6PD/ft. ' • - . • « ^ . 

b. 10615 6PD/ft. ■ . . 

. ' . ... 

'c. ' 154 GPD/ft.' ' /* ' ■ - . 

d. 3472 GPD/ft. 

A clarifier 42 ft. long, 30 ft; wide and 8 ft. deep receives a flow 
of 1250 GPM. What is thevweir overflow rate if the weir length is 
30 ft. ^ • 

. a. 42 GPM/ft. . ' < ' . ' 

b. 1429 GPM/ft. 

>o. 179 GPM/ft. I \ : . ' 

'- \ ' ' ' ' 

'd: '30 GPM/ft.. ' \ * ■ • ' • 
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ERIC 



Topjc: 

Hydraulic Loading 



Instructar Notes: 



i; X Handout 
Answers 
1. • c 



2. 


a' 


3. 


a 


4. 


. c 






5. 


a 


6. 


d 


,7. 






3. 


bA 


.9. 


a 


10. 


a • 




\ 



Instructor Outline: 



4r ^ 



1. . Give 10 evaluation p'i^Blems, 



115 
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Modcfle No: 



Appr^o^. Time: 
3 hours 



Module Title: ^ 

Mathematics for Operators 



\Submodu1e TitVe: 
Organic Loading - 



Topic: • 

Solid ^Loading* 



Objectives: - ' ^ . ? . 

!• The learner. will demonstrate the ability to calculate the solid loading* of' 
a unit process • 

2. The learner will demonstrate the ability to. calculate the pounds of BOD 
loading to a unit process. * ' * • ^ * ^ " ^ 



Instruttional Aids; 



Handout 

AV (overhead transparancy).;- 



Instructional Approach: 

.Discussion 
Demonstration 
Exercise . 



RefereripBs; , * 

Workbook,. .Basic Mathematics and Wastewater; Proceissing Calculations, N. Y. Dept- 
of Env- Conservation. 



^Study Aid WorJcbook, Mathematics for Wastewater Treatment Plant Operators, 
California Water 'Pollution Control Association. 



Class Asslgnnients: ^ . ! 

li- Read handout ' ^ . ^ 

2\ .Given. 10 -.exercise problems to be scrlved., 

■ ?>.. ...r ■ ' m ' 
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Module No: 



Topic:;* 

*. Solid Loadigi^' 



4h 



Instructor Notes: 



Instructor Outline: 



1. Give'handour" 

a. - Indicate the type of 
. ' ^ solids 

1. Total soJi^s • 
•'•2. Total su^ended . 
solids ' 

\Solid loading has a ^ 
unit value of Ibs./ft.^ 

lbs. of solids obtained 
from.mg/l of solids x 
8.34 x Q 

has a unit value of 
\cubic feet 



!• Solids 
. a 



1 



Discu>5s and demonstrate how one 
calculates the .solids loading using- 
the formula,: - ' , - , ^ 

Splid Loadl'ngyf aipount of so]ids' applied 
to a unit volume * ^ ' 

Mg/1 of solids = concentration of solids, 

4 , ' < 

Q = flow rat^ , ^ \ 

7-= volume of tank • ■' ' ■ 



* 



b. 



iV.So'lids has a unjt va,l 
of\gallons/ft./ ' 

* \ * '• - 

/ \ . • > ' 

VoluMe ^f tank* has .a urji 
Value^of cubic feet 

% solids xan either be 
total solids or total 
volatile- solids'- ' \. 

2. Indicate thitt this ' 
formula is usually used.^ 
in digester loading. 



b,. 



Discuss >nd demonstrate how one calculate 
the volurrle ^f. solids -applied to a^nit, 
process using the formula: 

~ . *^ 
Solids* = . vdlume of sludge pumped, x 
decimal %-of solids'^ , - 

Di.vided by volume of tank ^ 



Organic loading has a' unit 
. value of: ' 

Ihh. of BOD per unit volume. 

^x.' ^ lbs/ 1000 ft."^ 
Ibs/acfe-ft. 
■ U)s/ft.3 

lbs. of BOt) is obtained \ 
from: ^, /.^ 

^mg/1 X '8.34 x Q 
V'has a, unit value *of cubic 



2, Discuss and demonstrate how one calculates 
* c the BOD lQ;ading to a^unit value usjng th^ 
formula: ^ 



OL = lbs- of BOD . 



OL Organic Ibadihg ^.'-^h^ amount of BOO 
added to a volumeV 



lbs- of B0b.= pounds' of fido 
.V = volume^ of tariJc 1^1^ 

ilk ' 



£RiC 



'P<ase lis- of 172. 



Ht)dulfi-4<o : ^ 


' : ,_: . ■ ,1 ^£ — .. , 1 ; s ' —I ^ ' ' • — ' 

Lopicf •_./.// ; . . ■ "•' ^ 
So lidsf Loading/ ' •• - " , " . 


Instructor N^e§f^■ ^ 


iMtructoP Outline: , , . 

-/ — • « . < ' 
^-1 : — , ' — ^ • — 



Indicate that fomula is 
ysed in: \ \ V 

L Trickling filters 

2'. Activated s]udge\^ 

37^ Lagoons ' '/ ' : * - 

>4. 'Rotating biologifc^l filters 

5, Digesters / ' > ^ 



3. Give exercise p\oblem^ ^ 

4, Review the exerci>s6 prQb'Tems*^ 




1. * 




4* 
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SoJijds Loading , ' . u • ^ - , 

Sol7ds Joading is defined as the amount of brganic matter that is applied 
specific volume. ' " . • • 4. ^ . ^ \ 

The brgahic*matter can be in the form of : ^ - * • 

a. Bob . « - 

b. COD ■ '~' • . " ' . ■ ' 

c. Total Sia^ids 



to 



d. Total Suspended Solids . 

\ - 

e. Total Volatile Solids 



SOLIDS LOADING IS ALSO KNOWN AS ^RGANIC LOADING 
The formula to use is 



OL ■=■ lbs, 



OLf= Organic Loading^. 

■' r . ^ , 

lb. = lbs. of organic matter 
V - Volume of ±ank 



-fhe processes whei;'e soli.ds loading is a des.i-gn factor are: 
a. Trickling Filters / • 



b. Activated Sludge , - . ' 

c. Wasjt'e Stabilization Lagoons 

d. Rotating Biological Filters 

e. Dirges ters '/ ■ 

The unit values of solids loading are:- 

a-, lbs/ft^ or_^' 

b. lbs/100 ft. dr ' • 

c lbs/acre ft. . . ' ' . 



Example 

Calculate the sdijSf loa'ding of 13,300 lbs of BOD onto- a trickling filter wftK 
a volume of •3325ii|iiu. ft.^ • ' 



Solution 
"OL = lbs; 



= 13300 ♦ . . ■ 

332500 . 

''^= 0.04- Ibs/cu. ft. - " " 

' ■ . ^ _ , • _ _ ' ''^<. 
Example ~ . ' . ' " ' , 
' ' ■ - ' . ■ 

Calculate the solids loading of 26^00 lbs. of BOD into a trickling filter with 
a,' volume of- 3:32500 cu. ft. Ans. in 1000 cu. ft.- 

*• 

Solution . • . ' 

OL = lbs. * - ■ ' \^ 



Since the answer has. to be in 1000 cu. ft.- th^en V has'~ to be in 1000 cu. ft. 
So 332500 = 332.5/1000 cu. ft. 

OL = 26600 - ■ ■ ■ ■ " ■ ■ - 

= 80 Ibs./lOOO cu. "ft. . ■ . ' \ " 



Exercise . * ^ 

— ■ - i ' ^ 

1; A standard rate trickling^ filter with a diameter t)f 55 ft. and it media \ ' 
depth of 6 ft. receives a flov/ of .95 MGD and a BOD concentration 0:f^\125 \ 
mg/1- Calculate the solids loading p,er 1000 cu. ft. ^ 

Z. A digester 30 ft. in diameter 15 tt. deep receives, a volum? of 5000 lbs. 
of sludge^a day. Calculate the** solids loading. 

3. A high ra^e- trickling filter 80 ft. 'diameter, 4 ft. media depth, receives- 
a flow of' 1.5 MGD and a BDD concentration ^of ISO mg/T. Calculate thfe solids 
loBding per 1000 cu. ft. . ' ^ ^ 

4:. Two trickling fiUers each 100 ft. In diameter and a' depth of 7^t. The 
flow applied to both is .5 MGD and the BOD concentration is 150 mg/l. 
Calculate ,th6 organic loading to the filters. Ans. in lbs/acre ft/day. 
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5. Two ttickling filters eacti' 50 ft. radius 'has a depth- of e'ft-i Each 
filter receives a flow of .5 MGD and a BOD concentration of 175 mg/1. 
Calculate the organic loading irj Ibs/JOOO .cu. ft. * . . 

6. A digester with a diamet^ of 45 ft. in diameter and depth of 11 ft!" 
receives a flow of 6000 gallons of sludge. TKq sludge (j^s a concentration* 
of 6% solids and the solids is 62% vbl^ilia solids.> Calculate the volatile 
solids loading. .Assume 1 gafllon of sTudge =^8.7 lbs. 

7. A two stage trjckling filter process trickling" fi Iter #1 80 ft°. in 



diameter and 6^ft. depth. Filter #2 75 ft. in diameter and 6 ft. depth. The 

" . . . 0. ..Th - - --- 

applied BOD to filter #2 95 mg/1. 



flpw^o the plant is 1.4 MGD. .The applied BOD to, filter #ris 260,mg/l. The 

Calculate the organic loading on each fil 



ter. 



8. A standard trxckling filter 45 ft. x' 35 ft.'x 5 ft. receives a flow of 
124000 gallons with a BOD concentration of 152 mg/1. Calculate tiie organic 
loading in lbs/1000 "cu. ft. 



^ _ 



In an activated sludge process the aeration basin has the dimensions of 
ft.«x£5 ft. X 10 -ft.' The flow is 300,000 gallons' per day with a BOD 
concentration of 120 mg/1. .Calculate the organic loading /lOOO cu. ft. 



9. 

12 



-V 



0. In a conventional activated sludge process the BOD infLuent is 400 mVl- 

The primary system removes 18% of the BOD.. The aeration basin has the ' • 

dimensions of 35 ft. x 18 ft. x 12 ft. The flow into. the plant is at a rate 

of .58 GF»M. Calculate the organic loading of the aeration basin in lab/lO'OO 
.cu. ft, ' ■ • 'T- ■ 



■ > 
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Module Tlo: 



Approx. Ti^e: * 
1 hour 



Module Title: ' 
Mathematics for Operators 



Submodule Title.* 
Orgaiiic^ Lo,adiog 




EVALUAT/0(i^ 



Objectives: 



The lei*n|r\^iTl demonstrate th'e ^bll i ty:^q determine correctly the answers to 
.8 out ^ovltl problems' related to solid }odding of a unit process related to water. 



and wastewater technology. 

' • Is -'^^^ ^ ■ 



1. 



}fg;a(|,lbs^ of BOD is applied to a trickling /ilt-er with a^ radius of 20 ft. and 
k rock depth of 6 ft. What is the organic loading? 

'a; 3'.7 IbS/.lOpO ft.^ ' 

b. 26l^~T5s7i000 ft.3 . ^ * " 



>' 



c* 148.6 l&s/lOOO ft." 
'd. -37.2 lbs/ 100' ft. 2 



To a digester 25'ft. diameter and 15 ft. deep, volume. of 400 gallons/days 
sludge, 3% ^otal spl-ids wi<thv#- ^latile 5o'WI content of 72^. CiiTculate the 
gallons of volatile, so li,ds;^pl if 

a. 39 lbs/ 1000 f1?f3 • 

b. 0.3 lbs/^000 ft. 3 . . 

c. 1.2 Ibs/IODO ft.^ ■ ' 

d. 4.8 lbs/ 1000 ft.-^ 



ied to- the dig,e'ster. 



'A 



* > 




3. Two trickling filters each 110 ft. diameter with a media dep^h df 7 ft., A flow 
of 750,000 GPD'is split and' applied to the filters. Jf the f\low . contains 
I'lO -mg/1 ofBCJDwhat i^ the^orgaflic -loading applied to each filter.. . t 



a. 386.6 'lb^/1000 ft.-^ 

b. .100 lbs/ 1000 h:^ 

c. - .0026 Ibs/lOO ft.^ 

d. 'lO.SS ibs/lOOO ft.^ 



122 



An aeration basin with the dimensions of 35 ft. length, 18 ft. width and 
8 ft. *deep receives . a flow of 195,000 gallons and a BOD concentration of 
285 mg/1. Calc'ulate the organic' loading. " • 



a." 82.7/.lbs/1000 ft. 

i).: 92.0 lbs/1000 ft.' 

c. .0.01 lbs/1000 ft.' 

d. ..' 10.9 'lbs/ 1000 ft. 



3 f 




If 8^00 gallons of 4% sTuctg^is pumped par day to a digester with a 
diameter of 40 ft. an'd a depth of 12 ft. Calculate the total solids 
ioading per day. * « , o , ^ ' 

a. 0.18 gtlTons/1000 
b: -^.'e gallons/1000 ft. 3- 

f 

c. , 22.6 gallons/1000 fi.^ 

d. »^0.04 gaJlons/1000Vft-.3 



rtrickling fi' 



In a two stager-trickling filter process, trickling filtjer #1, 110 ft. in 
^ diameter-^ a depth, of 4 ft. and trickling filter #2, 85 ft.^.in diameter 
and 5 ft^'depth recefv^ a fldw-'Of .1700 GPM. The raw BOD is^610 mg/1. . ' 
If the prim^iry cTarifler reduces thje B0& by a 15% and trickling filter^' 
further reduces the BOD from the primary effluent by 35%, what is^the ' 
organic Id'ading of tri^ckling filter #2. , ^ 

a 5. '24 lbs/acre- ft/day ^ • 

b. 8.76 lbs/acre- ft/day • , ' 

c. 242.6 Ibs/acre-ft/day' . ' . • ^ 
'd. 10568 Ibs/^re-ft/day ^ ^ • - 

. '/ ' /' r ' 
A standard^gate trickling filter dimensions of 45 ft./diameter .and a 
media deptli o'f 7 ft. receives a flow of 635 , 000 *-gal Ions per day if the 
BOD concentration is 121 mg/t\ ' Calculate tha organic; loading. ^ 

a. 14..4 lbs/1000 ft.^; , ^ / ' 

te;* 57.6-lbs/lOobft.^' \ ^ , ^ ^ ^' 




c. ,0.016 Ib^/lOOO ft; 



% i'^i42^bs/,iooo ttA ; 



J 
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A digester (see sketch for details') receives a volume of sludge of 
2300 gallons of sludge with a 4.{ 
coritent.. Calculate the volatile 

a. .4'. 04 gallons«/1000 ft. 5 



2300 gallons of sludge with a 4.8%- total sdolids and 69% yolatiU.soli(Js 

ile solids loading in gallons/lOOO ft.^ ^ 




b. 0.22 gal Ions'/ 1000 ft. 3" 
4.63 gallons/ 1000 ft. 3 



c. 



d." • 18 .5 gal Ions/ 1000 ft. 




42n6 ft. 




2.M II. 



a digester 30^^. in diameter and' 18 ft. deep a volume^ of 1200 . ^ - 

'"gallons/day of .sludge. Tfie total solid-content is 4% and volatile solids 

content of 65%. Calculate the total solids loading-applied to*the digester. 
Cl gallon of'^sludge = 8.7 lbs.) - . , 



a. , 32.x lbs/1000 ft.^ 

b. /0.031-lbs/100l3 ft.' 



.121.8 lbs/1000 ft.3 
' d. 0.|g^ lbs/1000 "ft. 2 



10. 



, A waste treatment plant wltft 5 trickling, fi Iters^e^tch 95 ft. in, diameter 
and" a depth of 5.5 ft. The flow rate to the plant is 1.45 MGD and*has a * 
Btf^'pontent 185 mg/1. Calculate the^orgarvic loading to the filters. 



^ a. 50a lbs/acre-ft/*day 
•-b.' ' 50 Ibs/acre-ft/day 

c. '^2.8 Ibs/acre-ft/day 

d. 0.05 Ibs/acrerft/day 



'd24 







* 

Page 123 of 172 


n00Ul6 NO^ 


floduie Title: . 






MatnematLcs tor Operators 


> 




Sub(nodu(e Title: 


% 


Approx. Time.; 






i 

/ ♦ 


Topic:* . ; 




1 hour 


Digester Loading * . 





Objectives: * • 

The learner will demofist rate the ability to delermihe the loading of a digester 
based*^upon: ' * ' - 



1. The. total solid content of the sludge/ 




he volatile'solid content of tlte sludge. 



/ Instructional Aids: 



Handout 



AV (overhead transparancy) 



Instructional Approach: 

Discussion , 

Demonstration 

Exercise- 



Reference's; • - ' ' ' / . * 

Workbook, Basic Mathematics and Wastewater, Processing Calculations ,''N. Y. Dept. 
of Eav. Conservation • : ^ , 

Study Aid Workbook, Mathematics for Wast^ater Treatment Plant Operators, 
California Vater Pollution, Control Association . " ^ 



Class Assi^onients: ' . ^ ' ^ ' 
GtVen .10 e)(ercise problems to Be solved.. ' 



126 
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Module Ho: 



Topic: 

Digester Loading 



Instructor (Jotes: 



1. Handout 



The %Jot2t.l Solids 
concentration is obtained 
from laboratory tests, ^ ' 



The %'Volatile Solids- 
.'concentration is obtainac!^- 
from laboratory tests. 




instructor Outline: ' 



1, • Discuss/dgmonstfate how one calculates the 



2. 
3. 



volume of "sludge pumped 
a. Piston^ Pump 



a digester using 



Volume of sludge = Volume of Pipton x No. of 
strokes 

b. Centrifugal Pump : 

Volume -of sludge = Pump capacity \((iPM) x 60 
X Total hours pump is in operatii 



Give 4 exercise problems 

* * \ / 

\ / 

Discuss/demonstrate how one ic^lculates 
the volune of solids pumped^io a -digester 
using the % .total solid concentration of 
olids -in sludge. The formula to use is* 



Volume of solids = Volume of- sludge x 
decimal % of total solids. * 

4. Give 4 exercise problems 

5. Disciiss/demons trate .how one calculates the 
volume of volatile solids pumped to a 
digester using- the % Volatile Solid 
concentration in solids being pumped. 

The formula to use^'is: 

Volume of Volatile Solids'= Volume lOf Solids 



- Decimal^ of Volatile^ SoTids 
6. Give 4 exercise problems. 
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Basic digester openatiorv depends on knowing 
1. The volume of digester ^' 
^ ^ a. Cubic feet (ft.^). 
b. Gallons 

The % total 'solids pumped to the dtgeSte^ 
3. The % volatile solids pumped, to the digester 
'4. The total galltms of sludge pumped to, the. digester, :^ 



!• The v(Mume of a digester 

* ♦ 

Usually the- digester is made up of^two shapes ' 

1. . A cylinder ' V R^\x H . ' • ' ' p ' 

Z. A cone ' . V = J/? U x h. . ^ . ' . 

. 2, The % total solids &nd the % t^tal volatile solids are obtained from ^ 
laboratory ^analysis.." ' ♦ • . ^ 

'* * ' * ' ' ^ • . 

3. Tlpe total gallons Gf sludge pumped to the digester is obtainq,d frojn 
dai ly ^^r^^dS'rds*. If such records do not exist, several ways can-be 
taken to determine the;^o] ume of sludge depending on the type of pump. 

a. .If a piston pump is used than calculate the volume of the piston. 
. ' Vol ume, of sludge = Volume, of piston x No. of strokes. 

b. Tf a centrifugal puma's used than calculate the volume of the sludge. 
Volume of sludge = Pump capacity (6PM) x totaTx hours pump operatted 
X 60. ^ * 



c. - If a progressive, cavity such as a MoVho Pump is iked the same principle 
^ used in calculating the volume of sluWe pumped byXcentri fugal pump. ^ 

Example 1 . ' 



A cylinder of a ^piston pump'has a volume of h ft. The total nuiiter of / 
strokes registered is 3000. . What is the volume of 'sludge pumped. \ / 
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Solution . 

Vol; Of sludge = 



VqlV of, pis tori x No. of str^okes 
.5 ft.^ X 3000' 
1500 ft. 3 



A centrifugal pump has a capacity of 50 GPM./ The. total hours the pump ' 
.operated is two (2): Calculate the volume oT sludge. 

■1- ■ ^ ' 




Solution . ' 

Vol.' of sludge =l>m\p capacity (6PW) x Hrs. x 60 . 

= SoVm X 2 X 60 

= 600o\gallbns 



Exerci se 



1. Calculate the volume of sludqe pumped to a diaes'ter rf th'g pump has a, 
. cylinder-capacity of 0.4' ft.'' and the number 6f s 



strokes is 2500, 



2. Calculate, the volumeW sludge pumped to a digester if the pump has a 
cylinder capacity, &f 3 .gallons and the number q1 strokes is 418U 

.3. CaT-culate the volume of sludge pumped if the pump has a capacity of" 
130 GPM and the No. of operating hours of 3. 

4. Calculate the volume of sludge pumped using ^ pump with a capacity of(^ 
60 GPM and total operating time is/3.2 hours, ' • . ^ V ^ ' 

digester Loading ^ , « , ' - 

To be able to determine the amount of total solids added to a digester, use 
.the: ^ ' . • ' • 

• * . ^ * ' . ' <; 

Formula, • ' * ' 

(Amount of-solids Volume of sludge x Decimal % of solid concentration).. 



, 12 a 
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Example 1 



♦ \ . . AW / 



C^ilculate the amount of>so]icls pumped \tia\a dioester.if *he cbncentration" 
af total isolids is 4% andthe volume of sludge pumped is 11520 gallons. 



Solution ' ^ — ^ ' '•' I 

Amount of solids =. Vol.. of slud'ge'x Decimal % of T.S. 



= .11520 5^0^04% ■ . • • . 

= 461* gallons^ 

Example 2' ^ 

CalcuUte the amoun'f of solids puinped to a digester if the*total solids 
concentration is 6% an^d the volj^me*^ sludge pumped is 1200 ft. 3 
' • * ■ ' J 




~ ^olUt1^rr 

Amount of solids = Volume of sludge x Decimal % of T.5. 

= 12p0 ft. 3 X 0.06% \ ^ 

= 72 ft. 3 

Ex ercise^ 

Caletiiyte the amount of tota.l. soli ds pumped to a digester if the 
..^centratl^on o'f 'total solids is S% and the volume of sludge pumped 
is 2000^ gaNons. ^ ^ ^ . ^ 

2. The volume of sj^udge- pumped to a digester is 7000 Vgal Ions. The Tab- 
reports the solids .concentration is 7%^ total solids. What' is the* 
amount of solids pumped to the digester? 



3/ Calculate the ^amount of tota| solids added to a digest^^if the 
^-concentration is 4,5% total solids and the volume of /the sludge 
added 5500 gallons. 

' . ^ - • 

4. The volume of sludge pumped to^a' diges1:6r is-9000 cu. \ft. "and .the- 
per cent total solids H 3%. Calculate the amount of solids added . 
to the' digester. " ' > ' 



<■ 
\. 
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Digester L\)adinc| 

Since volatile solids, are ver>|; impartanf in di gester- operation,* 006 shouVd. 
-ie ^ble to determine the amounit qf volatile solids (V.S,) added to the 



ry impo-i 



vdigesier. This is accQmplished.by ^knowing: 
f. ,Jhe amount of total solids added 

The % concentration of volatile solids 



' Formul a 



Amount^,of volatile solids = Amount of total .solids x' Decimal % concenjir'atipn 

of volatile solids 



Example - - ' . 

Cal^culate the amount of volatile solids added to a diges/ter if the % - - 
concentration of volatile solids is 60% and the. amount of total solids 
pumped is 100 gallons. * , • * - v ' " " 



^al uti on 

^ = T.S. X .Deciflial %'of V.S; 

= 100 gal. X .6% . " , , . ' . 

= 60 gallons • 

Exercise ' ' , . ^ ^ « 

1. The % concentration of 490 gallon-s of to'tal solids pumped to a\digester 
is 70%. ^ Calculate the amount of volatile solids pumped ta the digester. 

2. The amoun* of total ^ol id? pumped to a digester^. 247.5 gallons''.'^ The 
' concentration pf. volatile solids is'65%.' * Calculate the amount of ^ \ 




volatile -sol ids »^added to the digester. 



3. ,270 cu. ft. of solids with a concentration lo'f <52% volatile stolids'is . 
pumped to a digester. What is tha. amount of' volatile sblids Sdded to 
' the 'digester. , - : ' i 



4. 



Calculate* tlie^munt of volatileTsolids ad'ded j:o a. digester if the \ 
amounts of solids^tdded is ISOOrgallons an-d the % concentration Of . 
volatile solids is 73%. / 



\; 131 



Module Hoy/ 




flodule Title: / 
Mathematics for Operators ^ . 




'■6 ^ 






Submodule Titlei^ ' - 


4 


-* 

r 


^pTOx. Time: j 




""W^ester . ^ *. . 






1 hour j 




Topic! . ^ 

% Volatile Solid Reduction • 







Objectives: . > ^ 

The learner will demonstrate the ability to determine the % ,of ^Volatile SoliKls 
reduction .ip a digestion process. , . . 




Instructional Aids: . 
Handout - 

^ ft ♦ 

AV (overhead transpararw;y) 



InstruYi^naV Apprx)^th: 
Discussion 

Demonstration ' «• 
Exercise 



rs 




References: 



Workbook, Basic Mathemati cs* and Wastewater, Processing Calculations, N. -Y. DeRt. 
of Env. CpnservStion • * ^ * . ^ • 

*, * « * » . 

S'tudy Aid Workboolc, Mathemati cs.„for Wastewater Treatment Plant Operators, 
Ca\lifornia Water Polliution Control Association . « 

\ 
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Modul^ Ho: 



Topic: 

% Volatile Solids Reduction • 



Instructor liotes: 



1. Handout. 



4^ 



^ .« ,V 



. Discuss/demonstrate how one is able to^ • 
determine the % volatile solid? redudtion 
in a digestion process Using the formula: 

P in - out X 100 

in^ - in X oiit , • s, ' ^ 

Vol ati l e. Sol i d -rfeducti on 

^. in T*Cl^.i|S^^l *^ ofi^'volatiTt solids^ added 
'to the digester ^ y / ' : ^ 



4^ , 



Instructor Outline: 



oS = Decimal % ofWatife^^solids * • , 
. remaining in^^ifested slnidge \ 

ive 4 exercise p^roblems 
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Volatile Solids .Reduction " . , . * ' 

Volatile spTijI^ reduction is a method, of defermining the amount of volatile 
solids that Tiav^ l»een converted to gas, since the only material is a • 
^^igester that has any *food value to the microorganism, ,is the volatile solids, \ 
'then by monttoring the input and putppt of the volatile solids into a digester 
^ne c^n. determine the reduction. 

Formul a % ^ 

The formula tb ^se is very similar to the r^^gular efficiency formula used 
quite extehsiveiy throughout wastewater treatmeirt, 



kERJC 



P InTOut^- X lOO 
In-(In X out) 

P = % Volatile solid reduction 



^n"- Decimal % of '.volatile, solids adde"d to a digester 
Oiit = Decifflal % of volatile solid^- remaining in digest sd sludge 



Example 



The vola^tile solids test shows "a content'of 68%. volatfle solids^ of the sludgfe 
ajdded to*^ digester. The test also shows that the volatile sofids content 
of sludge added to a drying feed is 48%. What is tlje /reduction of the solids'. 

Solution / * • ' ' 



= In - out 



.In - (In X out) 



= .68 - .48 . 



X 100 



X 100 



.68 - (.68'X .48) 
■ .2 .fx 100 



, 68 - . 33 , 

r\2 X 100^' 

715" 

57% J • " 
Exercise 



1. The lab results indicate that raw sludge pumped to a di-gester has ^ 

volatile content of sludge applied/to the drying bed' is 62%; Wha'TsJis 
• the volatile solid reduction. . . ^ 1 



134 



■ V 
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2* Ra\ft sludge pumped to a digester has volatile content df 69% and after 
digestton the volatile content ofjthe sludge is 483». What percent of 
^the sibdge was .trans formed to gas? ' * , 

X Lab results indicate that sludge before digestion is 78%. volatile and 

after digestion is 54% volatile. What is the percent of volatile matter 
* ' destroyed. \ - \ / 

4. . A cylinder of a piston pymp has a volume of h ft.^ fhe total^ number of 
strokes registered is 3000. The lab tests .indicate the^^solids of 
pumped sludge to be 4% and the Volatile solids to-be 60%. After ^ 
digestion the sludgf had a Volatile solid content of 48%. " What j's the ' 

' volume in ^u. ft. of the si udge "digested. ' ' . ^ 




♦ • T 
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Module No: 



.Approx. Time: 



1 hour 



Objectives: 

. - . ^ ■ , . • . . "» ' 

The .learnir will demonstrate" the ability to determine correctly the answers to 
-8 Out of 10 prpblems related to:" • -'^ ' ' \ 

- . ' , . - . \ \ ■ ^ 

1. * DigesteV loading ' . 

2. % reductiorf in vol ati Itf solids ' * • . , . 

l.-*A sludge pump has a capacity of 15 '6PM. The sludge contains 2% solids and a 
volatile soH 4 concentration of 65%. The sludge is fed continuously to a 
digester. How many gallons of solids os pumpedJjo a 'digester every *day? 



Module Title: ^ ^ 7^ 
Mathematics for Operatcrrs 



Svbmodule Title: 
Digester- 



EVALUA]^ldN 



4- 



A. • 180 gallons 

B. 432 gallons ' . 

C. 43200 gaflons • 

D. 21600' gallons' ' 



^1 



2. ^iQ.Problem N-o* 1 how nsiariy lbs. of ^volatile soTids was pumpe<^ to the digester 

per day., Assume^that 1 gallon of sludge weighs a. 34 lbs. . ^ - 

A.> 1170.94 Ibjs. \ • 
-■: a. 2341.87 lbs. ^ • • . ' 

C. ;280^ lb?. ' ' 

Br=^-§89^ lbs . 



3. Lab tests/indicate that raw sludge. has a volatile content of 72% and digested 
"sludge 6f'42%; What is the vo Utile solid reduction? 



A<.-='42% 
. B. 72% 

Cv 58% 
'DV 21.65 



4. A digester "receives 2000 gallons Of sludge' with' a total* solid content of 6% and " 

volatile solids of 70%. Calculate the amount (gallons) of voTati^e solids pumped 

to the digester. ' . * ' * ^ 

A. 4B1 gallons . ^ . ' • " \ - , . i 

< B, :29 galT^fhs ' , . ; j , . - f 

C. 940 gallons -l . ' , ^ 

D. - WOO- gallons - " 



0^- ^ 



( Page 134 of 172 * ^. ! 



5:, -A sludfge pump Tate^d at>2'GPS operates for 10 hours/day and the sludge. 

' arialyjhs provides./the resu^s of 6.9^ total solrds arrd 72% volatjle 
y . ^Jids,.' 'Calculate the gallons oLtotaJ solrds pumped/'day." 

■ ■ i , ' ■■ ■ ^ ■ . , . ^ \^ ' : 

, A., nszf > - ^ .4 * - .. , 

-:' " 4963 ° - .'^ ■ < ■ . ' "*■ • i 

. . e. 3577' , i • . • ■ ' : 

. . . • / -J ' : , -i 

.]^€i^.^A cylinder of a slugeT)"ump^ has 'a diameter of 8 inches and a stroke of. 
-'f^ inches^. The^, pump is-operated.^for 1850 .strokes a. day. The^solid' 
Vohc.p.ntra,tii)n Is 4.8% and the vorlatile" solid concentration is 73%. 
' V ^Yteir^-dT^eUlQR the volatile sqJid concentratioff is 56%. Calculate * 
% ^ the .votumfe (gVllbrlsc.the sludge "pumped). Assume 1 cu. ft. = 7.48 *ga lions*. 

\, A'/'^4l4^a.all6ns \J^^;v^ - ' ' k » i 

' ,B. 158 gallons'-^:. * 
« 't. 7724:^ gal 1 ons « - ' , * t ' " • - 

V' D. ,9956 'gal Ions .» - • . , 

7. In Problem 3 what is the'total volume of solids pumped toithe digester? 



s - 



A. 37pa-gallon§ 

^ 1116* g^iJlons 

C. '464 gai1ojis\ 

■ Dr^ 48 gallops 



8. In Problem 3 what is the volume of volatile salids in cu) ft. 

'A. > 362 cu.-n.^ " " 

B. 45 cu. fi. ' • * • ■ . 

C. 11 cu. ft. • • . , , ' ' ^ . . 
Q. 15 cu. ft. \ . - ■ . - 

9. -In Proble^n 3 what is the weight of the sTydge.that is digested. 

1 gallon - 8.34/lbs: ' ' ,. " ' ' , ' 

.A. 66 lbs; ^ / '* ^ • 

B. U97 ibs:. • - .s V 

" C. 374' lbs. , • ^' ■ . * 

d: 180 lbs. • •. , - 



10^ Raw sludge pumped .to a* digester, has 'a volatile content of 68% and aft^r 
' digestion th^ volatile content of the sludge is 41%. What percent of 
- the, sludge was destroyed. •' • 

^ A. *86% > 

'\ B. 67% 

•C. 38% 

. r- D'. 60% 



13X 
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ModuTe No: 



Apprdx. Time: 
3 hours . 



Module Titl€: > 

Mathematics for 'Opera fors 



Submodule^Ti tie: 
Chemical Addition 



Topic: 

ChemicaTUddition 



Objectives: 



The learner wil.l demonstrate the ability to^calculate: ' - 

The amount (weight) of chemical s^added (dcse), needed (demand) and~re3ldual 
material in a specific process as applie.d^to water and wastewater technology. 
2. The amount of chemicals needed to perform a specific process by interpreting 
laboratory results. / ' ^ ' ' 



3. Tbe feed rate of chemicals to a proc^|^ stream to maintain. a specific 

concentration . * - ^^'^ ^ • / 

■' ' ^ ' , J ' 

— — Ai*^ 



Instructional Aids: 
Handout 

AV-(overhead transparancy) 



If 



Instructional Approach: 

Discussion \^ , 

Demonstration 
Exercise , . 



References: . * 

^rkbook, Basic Mathematics and Wastewater, Processing CaTculatibns , N. Y. Dept. 
3f Enfv. ConseVvation. ' ^ _ 



study Aid Workbook, Mathematics 'for Wastewater Treatment Plant Operators, 
Calffornia Water Pollution Control Associatioh. 



Class Assignments: 
\t Read' handout^ ■ 

2- (aiven 10 exercise problems to be solved. 



./4 
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ERJC , 



Module Ho 



Topic: . i M 

Chemical Addition 



Instructor Notes; 



cone, is in mg/l 
Q is in MG or fjGD. 



Instructor-Outlirte: 



1^ ^• 



Discuss and demon^trsfte how 'one 
calculates for, the amount of chemical 
added to a system using the' formula:' 

Ibsr = cone. X 8.34 x Q 

lbs; = lbs. of 'chemical s 

cone. = concentration of chemical 

Q ^' flow rate or volume of tank 

* <* 

Dispuss and demonstrate how one 
calculates t\)e afrmiht* of chemicals 
needed if' the strength of the • 
sblQte can only attain specific 
percentage ^using the formula: ^ 

lbs'= cone. X 8>34 X Q 

decima> S strength* » 

» 

lbs. - lbs. of chemical usually dry 

cone. = coneentrati-on of chemical 

Q^^low rate, or volume of tank 

Dectm3l%j strength x The % 
concentration of usefuil and available 
cHiemical 



a. Discuss and dejnbnstrate how- or^B - 

caldulates .the concentration or amount 
of chemicals needed (dejnan^l) using th6 
fonflula: 

^ * Demand = Dose - Resi'dual (need). \ 

6. -Discuss and demonstrate how one 
calcula1;es the amount of chemicals 
needed by interpreting, laboratory * 
resiflts using the proportional 
♦'form^ula: • , ' 



ERLC 



1^. 



Pa^e 
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.Module Ho: 



Topic: ' 

Chemical Addition 



T 



Instructor Notes: 




3. 



Feed rate usiially has a 

uhitt value of gpm'. 

I 

Vojl ume of. chemi ca,l sol uti oa 
usLially hSs unit value of 
g5illons* ; 

Time usually has a unit 



va 



ue of minutes 



Instructor Outline: 



^ , Concentration x volume = concentrations 
volume 

• > A^l X Vi f N2,x V2) ' - ' . 

/ - ' ;a 

3** Discuss and demonstrate how one calculates 
the feed rate of chemicals to a process 
strejam so as to maintain a specific 
cor>centration using the formula: 

Feed Rate =* vplume of chemical solution 

Time ' ^ 

4. Give exercise problems. 

5. -Review exercise problems. ' ' 



141 
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CHEMICAL ADDITION' 

The;-ability to add chemicals to water or wastewater systems ini the right 
qua^hti^s is a very important function of an operator < 

the basis for the debility to calculate the amount of chemicals is 
lbs = ,Conc. (mg/lV^k8\34 x Q ' ^ 

Whei^^Q -Is the volume . of the\/ater in MG conc.»(mg/l) 1s the desired 
• concentration. , . ' 



Example 1 



How rtiany pounds of chlorine is^needed to make a 2 mg/1 concentrated solution 
if the volume of water is l25,00O gallons. 

• lbs. = mg/1 X ^&r^ x Q • ^ ^ " 

= 2 X 8.34 X .125 

= 2,085 lbs. • • , ^ r'^' 

'f ' • , * , * 

One .should remember tl^t in the 'formula n/ 

Ws. = mg/1 °x^B.34 x Q ^ ' ' ' , ' ' 

There ar^three VARIABLES and as long as one knows the vcilues of two variables,; 
the third one can he solved for* * . , 

A. lbs\ = mg/r X 8.34 X t) ' 

mg/1 '= lbs. ' , - ' 

;8,34 X Q , ^ ' r • - , 

C- Q.=. lbs> . - . - 

8.34 X mg/1 ' ' . 

At times the chemicals that are added' may not be 100% pure or that it may not 
.dissplve 100%, then one has to make adjustments for iJurity of the chemical. ^ 

Example - ^ ' 

* 

^ How many lbs. ^of HTfi-that contains 70% available CI2 is needed to' make a 
2 mg/1 concentrated solution if the volume of water is 25,000 gal^lons. 



Solution 



Take note that it is the CI2 .that is usefuL* 

In solving the above problem one first calculates the needed Ibs.^of Clp 

142- ■ ."' - 
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lbs. = mg/1" X 8.34 x^Q 
= 2 x-,8.34 X..-.125 
, = 2.085 lbs. 



The needed is 2.085 lbs.. which is obtaine 
onlyhas'70% available CTg. men, 

70% = 2.0'85 lbs. ■ ' ' 

100% = ? \ '• . ^ 

\ \ \' ■ ■ 

2.085 

~10~. 



1^ 



X 100 =-2.98 lbs:, of HTH 

In solving for pi^^blems piprtaining to chemical addition one should realize 
that th^ primary effect that takes ^place when chemicaU'^are added is that 
a chemical reaction may tak^ pi ace- with other chemi'cals in the water before ' 
tbe main purpose forXadding chemicals, ' 




But the HTH 



Example 



\ 



1 



k|hen one adds CI2 for disinfection, (main purpose) first a chemi cal ' reaction 
takes place^ For example, with amnK)nia to m^ke another chemical (mono - d> - 
or tri chloramirtes). After the chemical reaction is ctimplete then disinfecti 
takes place with any extra CI2 left over. * \ 

the amount of. chemical added is called thejiOSE. The amount of chemical • 
used in- tlie chemical reaction is called the DEMAND, The amount af chemical 
left-over is called tbe RESJDUAL, " . /" 

Therefore , . f . 

^ • . \ 

Dose = Demand + Residual* • ^ 

The flow from a plant is 125,000 gallon;^. Te'sts indicate that the chlorine 
demand is' 1 mg/1 and the residual is Lmg/1. If you pnly^need a 0',5 mg/.V . 
residual than how many pounds of CI2 is needed to achieve th^ 0.5*mg/l \ 
residual. ' / ^ \ * 

Solution ' • " 

A. 'Dose'*= Demany + Residual 



on 



The need ,is Dose = 1 mg/1 + 0..5 mg/'l 
. ' " _ = a.fr,mg/l 



i.43 , 



B. -lbs. = itig/1 X 8.34 X Q 

= 1.5 X 8. 34 X -.125 . - ^ _ ^ ' ^ . 

> 1.'56 lbs. ' ^ ■ 

Ei^ample . ' , ^ ,. . 

You are to adti fluoride to your water system. Tests indicate that fluoride 
"present in the water systenNi^s 0.2 mg/l. How many pouitas of fluoride is 
needed to mal^e a 1 mg/l solution if the volume-of water is 650,000 gallons. , 

A. Dose =;^Pemand + Residual ' . 
1 mg/l = Demand + 0.2 ,A 
Demand =1-0.2 

•= 0.8 mg/l additional fluoride is needed 

B. lbs. = mg/l x 8.34 x Q S 

= 0.8 X 8'34 X .65 ■ - . 
. = 4.34 lbs. ^, .' - •. . • ' -* 

focercise ' * \ y^}^ * 




1. ' A clear water well 45 'ft. x 25 ft; x 15 f^. needs disinfection. ' Tbe 
concentration should be 50 mg/l for proper disinfectfqn. How .many lbs.* 
of Clp is ^needed. ^ I 

2. A 14" water main 2,000 ft. long rveeds to have CI2 added to a concentration 
(of 60 mg/l; The only source of Cl2'is 65% HTH. How many pounds, of HTH * 
is nee^d. ^ 

3. In the atove problem (#2) how many pounds of HTH is n^cessar^ to give a 
60 mg/l CI 2 residual if the demand Is 15 mg/l. • 

^^..!*A water tank 1.25 MG needs to have a Cl^, concentration raised, fj^om OJl.to 
' ; ' 0,5 mg/l. How many lbs. of 70% HTH is needed. 

5. In a"Vater system the F'^ level is .4^^9/1 and the required lev^l of^F" 
is 1 mg/l. How many lbs. of F" is needed If the pump is rsated at 2B5 GPM 
and the total hours of operation is 14 hours. > . 



U4 



In some cases has to be able to cH-ange the concentration of a, solution. 
The 'formula to use is a proportional vformul a. , * ' , o . ' 

Ni X Vj ^ N2,x V2 - ^ , ♦ 

.Where N| = 'Concentration of s^ution #1 -~>' 

Vj ^.Vpluine of 'solution #L ~ - ' *y 

N? = Concentration of solution '#2 ■ * & - 

V? = Volume of s^blution #2 • " 

Example , ' . * - ' ^ ' ^ * " i 

Liquid chlorine (15% bTeach) has a stock .concentration of 150,00(3 Hig/.l of 
chlorine. .How many gallons of the 15% bleach is.n6e3ed tt) malke a solution 
of 100 gallons of *2800 *mg/l chlorine solution. 

Solut.i-on 

' Nj X Vj = N2 X Vg 
, 150,000 X, Vi = .2800 x |5q 



r 



Vi = 2500 X 100 - 

^ 150,000 . . ^ 

= 1.67 gallions . ^ 
The formula Nj^ 'x Vi = No X V2 is a very tjseful formula that can -be used both 
in the lab and in the plant. . , 

Exercise , • " - . 

1. container contains 30 gallons of* 60 mg/1 concentr^ated fluoride 
.solution. You^need to Reduce the concentration to 42 mg/1. How many 

gallons of water should be' added* ' * ^ 

2. 'How maTiy ML of 1.8 mg/1 stock iodine solution irs needed to'make a 
" 500 ml 0.0282 mg/1 working solution.. \ . 



3. How many ml of 1 norma? (N) sodium thi'osulfate solution is needed to make 
250 ml of .025 N solution.. . • 



'4. \ What is the concentratforv of 18 ml solution being standardized with ^ 
^5 ml 0.025 N potassi um, Bl-ipdate. , ' • 

V * ' ^- * 

5. Lab experiments indicate that the free chlorine residual in 2560 gal. 
^ taW is A. 8 mg/1. How many gallons of water should' be wasted and^^hen- 
fre^sh water added to -the tank if you need, dnjy a concgntration^ of 0.5 mg/1 
of free chlorine. " ^ * • 

Feed Rate • . ' ' ^ ' . <• ' o • 



In determining the feedrali^of -a chemical solution the formula to use is:- 

Feed Rate; =< »Vo1 ume of sdlution 

Time * • ^ 

0n,e should remember that there are many ways of dispersing chemicals to- a 
'p.rocess 'stream. ' • , ' 

a. Slak^rs -.'dry feeders ^, ' \ * . 

b. So3^ion*fee(Jer^ - \ ! , ■ ' 

c. SJlurry feeders , \ » . 



One can. adjust th^^d rMe, or ^he concentration of solids in the feed 
solution. f'L*' ' > * ' '^'r'^ * ^ ' ' 

What is the 'feed, rate Y^-*? cherpicaj pump if the - volume of .solution prepared 
is 55 gallons and the,'pBM ,6peV'dtes for 15 ;hours. , * , ' ' ' 



Solution , . A 



Fee d rate = Volume of. solution / / 

Time — . — ^-6 ^ . V; • * ^ ^ 

•= 55 qal. .. ' ~ r •• . ■ 



IT 



= 3.67 6PH' f ' . . ■ % 

= 0.06 6PM * , 

> Example ^ • . 

A, chemical feeder has a rate of 10 ml per minute. .What is the minimum gallons 
of solution (water) is needed if. the feeder 'operates .for 18 hrs. per day. , 
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10^00 =.2^8vganons 




2. 




3olut"for 



Feed Rate^ = Vo1iifn64)f solutioiy - 
Time 



Volume Af\^cnuti on =' Feed rate x Time 

,= '10 ml/min. x 18 x 60 
•--"^ = -10500 ml 
Convert 10800 ml to pal Ions . ' . 



1. GiverK 

a. Feed pump rated at 40 ml/min. 
B, Water pump rated at 375 GPM - :*■/ 

• Operating tinies21 Hrs, > 
d. Chlorine dose is 2,8 ma/3 

Calculate t)ie minimum amo^unt of HTH solution needed to satisfy the 



Drocess, 



A liouid feeder aoolies a 25% saturatecj -sodium^ flouride solution ta 
water system raisina/lhe level frofti 0.2 to l.n mqy^l of F-^, At what 
rate should the feedeV be set at If the wa^r oumo is rated at ^18^ 
^nd the 25% saturated flouride mlution ^orovides^- .available fluo 
(Assume the oump ooerates continuously.) 
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Module No; 



Approx, Time: 
- 1 hour' 



Module Title: 



M^themattGS' for Operators 



Submodule Title: 
Chemical Addition' 



EVALUATION 



ERIC 



Objectives: 



XT 



The learner will demonstrate' the ability to determine correctly the answers to 
8 out of 10 problems related to chemical addition as applied' to .water and 
wastewater technology. 

1. A water tower holds 0.85, million gallons* It needs to be disinfected with Clg 
from 65% HTH to a concentration of 60 mg/1. Calculate the lbs. of HTH needed, 

■ a. 654.4 lbs. - , • ' 
^ b. 425.3 lbs. ■ , " . , 

c. 33.2 Tbs. ^ ' ' 

. d. 276.5 lbs. - , , ' - • 

2. A 35 cm diajneter water, main 610 meters Iqnq needs to have a 75'mq/l concentration 

■ of CI 9. Howj»anv kiloorefms of 70?; HTH is used? 

a. 3.08 kilograms , ^ ^ 



b. 6.1^ kilograms' 

/ c. 4.4 kilograms . - ' * 

. d^. \1 kilogram - / _ , ' . ^ • , 

3; A tj-eatment olant with a flow df .138,000 GPD'useS 4 lbs. of Clg-oer day. After/ 
'^30 minutes contact time the free chlorine residual is 0.'3 mp/l,, 'Calculate * 
the demand. - " ' . 

'a. . 1 mg/l 

b. %59 mg/1 

• c. 3.12 mg/l, 

d'. 2.32 mq/l 



/ 



. . 

Given: " " . 

a. Feed pump rate at. 20 ml/min 

b. Water oump rated at 210 RPM 

c. Operating hours 14 Hrs^ 

d. - f;luoride concentration increased by 0,6 mq/l 
Calculate the lbs. of fluforfde used. 

a. .04 lbs. 

b:^ 5.8 lbs.. ^ ' • . * 

c. 1.5 lbs. 

d, 0.88 lbs. ' • , 



A stock solution has a coji cent ration of 45,000 mg/l . If the working 
solution is 40 gallons at 2800 mq/l calculate the vplume^^of the stock 
solution.' , - ~ ^ ^ 

a. ^!^.0 gallons , ^ • }i * . 

b. 2:49 gallons . *^ . . 

c. 37.51 gallons . , . , 

d. 36.00 oallons \^ ' ^ - 

In treating 235\000 *qal Ions with 8.4 lbs. of Clo, calculate the dosage 
mg/l. - • ' ' . ' ■ . .... 



a. 
b. 
■c. 



8. '4* mg/l . 
16 .'5 mg/l 
0.23 mg/l' 



d... 4.*3 mg/l 



7. A liQuid feeder applies 3 gallons of 75% saturated sodium flouride 
solOtion to^SOOiOOO Gallons of water. -Wfeit is the F- do-se. The 
available fluoride is' 45%. 

' ' • ' ' '■ •, * 

a. 3;9 mg/l . ' * * " ' 



b. 0.26 mg/l . • ■ ' 

c. 1 mg/l * f \ ^ . 

.8. > Calculate the .l'bs. of alum needed to treat 812,000 gallons of' Water with 
a natural alkalinity of J95 mg/l to a concentration of 55 -mg/l alkalini'tv. 
(1 mg/l of alum induces, alkalinity by 50%). . - • 

a. J320 lbs. ^- • 

b. • 2640 lbs. . ^ ■' ■ ' 

c. 1896 lbs. ; 
■ d. 948 lbs. 



»5* 

Tests indicate that .a 1 ml solution of>20 mg>l of cq|aula;it added to 1000 

ml of raw water provided the best results. How mabNTTbs. of coaoulant is 

needed to treat L3. million gallons. " ^ 

a. 216.8 lbs. " ' •. * ■ . ^-^^ • , " 

b. 0.2^ lbs. - : . ' 

c. 2.17 lbs: \ ' * ' . .' 

) 

d. 5 lbs; 



V 



AO. 



A CI2 rotameter indicates a f-eed of 9.0 lbs/24 hrs. f^e residual . t^st 
indicates a concentratipn of .5 mg/l in^a flow of 365 5PM. Calculate 
the CI2 dose. * ■ : ^ ^ ■■ 



a. ,1.55 mg/l 

b. 2.05 mg/l 
c- 2.55 mg/> 
d'. '1.0 mg/l 
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Aodule Ho: 



Topic: 
EVALUATION 



Instructor Notes: r 



!• Handout 
Answers. * 

1- c • 

2'-. a ' 

3. c 

4. d 

5. b 

6. d ■ ' 

7. " b 

L - c 

XO. b - 



5 . 



Instructor Outline: 



1. Give' 10' evaluation questions 



/ 



. \ 



Y 

I 

I 

■ I 



Module No: 



|Appro;(. Tifiie; 



1 hr^ 



OBjectives^ 
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f^odule Tttle: 

Mathematics for Operators 



Submodule Title: 
"Activated' i>iuage 



Topic: 

Sludge Age ; 



iTtie learner will demonstrate the ability to determine the sludge 'age, of soTids 
PR-* art activated 'sludge processl, ^ ; " * * . ♦ 



lnst^:^fitionarAids: 
Handout / ■ ^ 

\ 

AV (overnead transparancy) 



Instructional Approach: 



Dfscttssionv 
Demons t rat ion 
Exercilse 



/ 3 ^ ^ 



I References: 

Workbook, Basic Mathematics and 'Wastewater, Processing Calculations, yT Dept. o' 

Envr Conservation.' ' ^ ' ^ ■ ^ 

< 

study Aid Workbook, Mathematics for Wastewater^Jreatment Plant Operators,. 
California Water Pollution Control Association. 



Class Ajsi^onients:" 



Given '4 exercise problems to be solved.' 



Paqe\150 -or l73^ 



Module Ho: 



.'Topic; ^ 
SI udge 



4 



Age 



Instructor Notes: 



"1 — ' ' J — 

^ Instructor Dutl ine: 



Handout ' • 
Refer to Module>No. 



Submbdule Title: Activated 
Sludge ^/ ^ 

Topic: I Lbs. of soJids under 
aeration ^ 

Refer to Module No. 



Submodule Title: . Activated 
Sludge 

y 

Topic: Ahs.-"^of solids binder 
aeiifition. ^ 



Discuss /demonstrate how one calculates for 
the sludge'age using' the formula: 

SA - LbSv of MLS$_4mder 'aeration . . 

Organic loading - 

SA = Sludge Age^(Days) , ^- 

MLSS'- Mixed liqjjor suspended solids , 

a. Lbs. df MLSS; under aeration is obtained by: 



b.- 



Lbs. = Mg/1 of MLSS x 8-34 x^voldme of 

' aeration basin ip.. (MG)/ - ' J 

Organic loading (Lbs/day) is ofc^tained by: :| 



' Lbs. /Day = M^/1 of ' influent SS x 8.34 )r 
aeration Basin 

' Q= Flow rate^ of inf luept tV-aeration 
basin in 'MGD 

2. Give 4 exercise problems. 
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- ACTIVATED SLUDGE/SLUDGE AGE , ' ' - • " 

Sludge age is a method for controlling the solids in an activated sl^Bge 
prjocess. The formula to use is \ * * * <^ 

- SA = lbs, of MISS under aeration 

Organic loading 

SA = Sludge aae - . * ^ . 

MLrSS = Mixed liquor suspended solids - 

Organic loading = lbs. of influent suspended solids to the aeration b&sin 

Example ^. • ' 

Calculate the sludge age if ' 

\ • . . ,> 

*\a. MLSSf cone. \s 2600 - \ ' • ; 

• b." Voii|ne of aeration b'asin 650,000 gallons 

c. Primary effluent suspended solids* 78 fng/1 ■ 

•i ■ . . ,■ . • ■; , ' 

■ d. ,FloW rate 3.5 MGD- 

Solutiorl 



SA = lbs. of MLSS under aeration 




Organic loading 

'\ ' ■ I • ■ •• ■ ^ ' . ' • - 

1LSS under .aeration = MLS^ cone, x 8.34 x'^Vol. of aeration basin 

- \ • --r • - ^ . ' 

under aeratiofi ^ 2600 x 8.34 x .65 
^ 14095 lbs. ! '. 



Organise, loa(iing = S.S,. cOnc. k 8.34 x Q | 
' , = 78 \x .8.34*x\3.5 
; j - = 2277 lbs. 



SA = 2600 x'8.34-x .6 5- 
78 X 8'. 34 X 3.5 ■ 
'I ' ■ 

= 6.2 days 



ERIC 



•J 
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Exercise - ^ 

1. Calculate the sludge age if 



"a^r-^Aerartit>n basin dimensions length 85 ft., width 37 ft., dep^th 20 ft.^ 

b. Primary effluent suspended solids JIO mg/1 . 

c. Flow rate 1 ,540,000*GPD . • ' * " ' 

•* 

d. MLSS cone. 1800 mg/1 * ' ^ , " ' . ; 

Calculate the sludge age of the solids in an activated sludge* process 
if 13,000 lbs. of solids are under |aerati on and 30501bs. per day is/ 

I • / 



,beina introduced to aeration 

' ■ I 

3. Given: , *> I 

^ * -' I 

a. MLSS 3200 mg/1 ' | . 

b. Aeration basin radius 20 ft*, height 14 ft. 

c. Influent suspended solids 195 f 

d. Flow rate 438,522 gallons/day 
Calculate sludge age* 



4. Calculate the sludge age of 'the son'ds in an activated sludge process 
^ if 65,000 lbs. of solids, are under |aerati on and the influent suspended 
. solids is 245 mg/1 in concentratiorl and a flow .of 5.'3 MOD. 



lb. = mg/1 X 8.34 x q 

mg/1 = lbs.- 

8.34 X Q 



••I 



15 
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Module No: 


Module Title: ^ 
Mathematics for Operators 


SubmoiJule Title: ,^ ^ 
' Activated Sludge ' . 


Approx. Time: , 
. 1 hr. ' • 


Topic: ■ ' , 

'.' - -1 
MeaiT Cell Retention Time (MCRT) ' ' . 


Objectives: ^ ' ' 

The learner will demonstrate the ability to determine the mean cell retention 
time^^(MCRT) in an- activated^ sludge process. ' ] 

- 0 1 V 

■• • / • ' .r" 


instructional Aids: ' / 
Hando.ut , * * / 

PC^ (overhead transparancy) ^ 

* *• 


V / / ; 

i ' . ; 


Instructional Approacf?: 

DiscussifOnv 
Demonstration 

Exercise - ^ , . 


1 • . ' i 


References: * * | ^ , ■ , ^/ 
Workbook, Basic Mathematics and Wastewater, Processing Calculations, N'. Y. Dept.' 
of Env. Conservation. ' ' ; ^ ^ • , ' ' . 

Study Aid Workbook, Mathematics for Wastewater Treatment^ Plant Operators, , ^ 
California Watfer Pollutionii^o^trol Association.*/ . . - • ^" ^ 


Class Assignments:; 

Given 4 exercise problems to be^ solved. 





■ >1 
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^ topic: — y 

Mean Celt Retention Time (MCRT) 



Instructor Notes : 



Handout 

Refer to Module No. 



Instructor Outline: 



Submodule Jitle Wej^hts ( Pounds j 
Topic: .Conversion ' 
liefer to Module No. yj . 
Submodule Jitle Weights (Pounds] 
topic: Conversion 



' 3 



1; 

■> '■ 



' ft* 



6 

:eric 



Iv-'' 'Discuss and demdnstrate how one calculates 

the MCRT in an activated sludge process using , 
the formula; - . • 

MCRT = Lbs, of MLSS in total voluijfe af system : 
■ Lbs. of solids removed from process 

0 MCRT = Mean cell retention time in (days) 
.lbs. of MLsl' = Mg/1 of MLSS x 8.34 x 

/. " V' = Total vol'tifne of aeration basin + clarifier^ 
' in im) 

:^ Lbs. of solids, removes! from process = 
• lbs. 'of sludge, w^ste'd + Lbs. of SS in 
' clarifi^r'efflueht. ^ • ' 

2. Gi ve\4'Vxercise\problemsV * 




i 



A' 



157' 



J. 



Page of ijZ^ 



ACTIVATED SLUDGE/MEAN CELL RETENTION TIME . ' 

• ' • % 

Calculattna for mean cell 'retention time (MCRT) one us'es the formula 

MCRT"= Lbs, of MLSS in tota.1 svstem " ' _ . • ^ 

Lbs.- of solids r^ipoved from orpcess 

Lbs. of MLSS in total system is determined bv:» 

Concentration of MLSS x 8*34 x (Volume of aeration basin + volHjme of 
clarffier) ' ^ f , ' 'm 

Hotel, Remember that volume is in^millio'n^allons* 

Lbs. of solids rerfioved from process is" determined by: 

1. The lbs. of susoended solids in clarifier effluent. 

2. THe. lbs. of solids wasted.. ' . ^ 
Examole ' . . ' * ^ 

Calculate-the MCRJ if: . , .. 



a. Aeration basi^ volume = 438,500 gallons 

b. * Clarifier volume = 220,000 gallons 

' 1 ■ • 

c. Flov/ rate to orocess = 2 MGD 



I i 



d 

f. Ret 



STudae v/asted 



MLSS = 2,200 ftig/l t 
turn act 



= n.35 MRD 



activated sludge = 6,300 mg/1 
g. Final effluenj; suspended solids ='12^mgyfl 
Solutifln ^ 



> ^ 



'MCRT 



* lbs. of MLk^ in total volume of svs 



lbs', of so 



MCRT = 2,20.0 X 8J4 (.4385-. + -.22) 



6;, 300 X 8: 

= 12,082.2 ' 
2 -,039.-1 

.= 5.93 days i 



ids r'emoyed from proces; 



S4 x ,035 + 12 X 8.34 x 



ERIC 
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Exerci se 

1... Calculate the MCRT if ' 

a. /Aerator volume = 1.5 MG « 

b. ClarifierVvolunie = .7-MG *. ' 

c. Flow rate to plant = 4.95 MGD 

• d. MLSS = 1,900 mg/t ^ ' 

.e. Return activated sludge = 6,500 mg/l 
f. Effluent S.S. =,31 mg/l 
q. RAS rate = .1 MGD " 
2, Giv.en: . " 

a>s^Aeration basin radius 22 ft.,, height 15 ft. 

b. Clarifiier basin radius 12 ft., height 12 ft. 

c. ^MLSS = ,1,800 ^mg/1 

d. .Influent flow rate = 5 GPS • ' 

e. RA5>= 6,000- t!ig/l ' - -. 

f. Effluent S. 5. = 23-in9/l ^ 



7 



g. RAS rate = .605- MGD 
Calculate fSlCRT - f , 



3. Given: 



a.- MCRT =^6 dav^" 



Total Volume!= 1.2 MG" I 



• b. 
c. 
d. 

.- e. 

f . RAS - 5,200 mo/l - ' 

• Calculate the MS V/asted volume'. 



MLSS ={3,100jmg/l - 
Influent,-flo\|f Tate = .5 M6D 
Effluent- S. ,S. = 65 mg/t 



1 



If 



f 



>1 



1 



J- 
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Module No: 



Approx". Time: 



1 hr. 



ftodule Titje: 
' Mathematics for Operators 



Submodule Title: 
Activated STudge 



Topic: 

Food - Microorganism Ratio {F/M)» 



Objectives: 

The learner will demonstr3te,the^ abi li ty to xietermine the food/[nicroorganism. 

rAtiDa4,£M)_Jti5liigjl 

BOD as source of food ' 
COD' as source of food • * 



I'n5truoti9nal Aids,: 
Handout v ^ • 

" AV~twerhead transparancy) 



Instructional Approach: 

Distussiori., 
Demonstration 
Exerc^ise. ^ 



T 



References; ^ 

Workbook, •Bas it Matheoiatics and Wastewat<er, Processing Calculations N. Y. 
of Env. Conset^yation. ^ ^ . ' . . ^ ; 

Study Aid Workbook, Mathematics for ,Was*tewater freatment Riant Operators, 
California Water Pollution Control, Association. . * ' • 



Dept. 



Class^ Assignments: 

Given 4 ^eocercise problems to be solved; 



i 
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j^odu|e Ho: 


Topic: mi * 






Food/Microorganisms Ratio (F/M) , 






Insfructor Notes: 



Handout • 

a» Refer- to' Module Ro. 



Submodule title: 
Activated Sludge / 

Topic: 'Oy^gan'ic 
Loading' ^ > 

Refer to Module No. 



Submodule iTjtler 
Weights (Pounds) 



1 



Instructor Oiitllne: 



1. , Discuss/demcJpstrate how onr calculates- the.- 
F/M ratio. . '* '^ . / . 

FM ='-Lbs. of food in influent 'to aeratidn . 
' ; V Basin 



Lbs. af MLVSS under a^e rati on - - , 

FM = Lbs. /day/ 1 Lb. of MLVSS, , ' 

MLVSS Mixed liquor volatile suspended solids 

Lbs, of food in^influent to aeration basin is^ 
either: , ^ 



) 



4 * 



I Lbs/d'av = Mg/1 x 8.34 x Q (MGO)^ 

MLVSS in Mg/l-is obtained from lab results '-j 
, i (volatile' solids' of suspended solfds)- ' ^ 

2. 1 Give 4 exerdse problefns 5 

' ! 2 - Using BOD . , ' 

i . ' ' !-■ ' - "■ •I 

2 - Using COD . , ^ 



r 



2 



ACTIVATED SLUDGE/FDOD .MICROORGANISM RATia . . ^ 

. ( ^'^^^ . .... * 

Fpod/M^ croprganism Ration (F/M) is calculated by^using the formula . 

F/M = Lbs> of ^ Influent food aoolied to^jaeration b.asin 

Lbs. of MLYSS: under aeration / ^ * ' 

J.bs. of influent food apolied^to aeration basin is based upon 

a. Lbs. of 'B0D 'O^ * '/ . - * ^ . 

b. Lbs, of COg^" - •; ■ ^ . " ' 

I Lbs. of MLVSS under aeration i's the ]bs.,,of^ixed liauor volatile suspended 
solids. . I 

•F/M is reparte'd ih 1bs/day/l lb. of MLVSTS . • 
Ex amp] e ' ' '• 

^Calculate tfoe F/M-^atio if. the CQD is-- IPn ma/i; the influent flow rate is 
.655 MGD, the lbs; af 'MLVSS is 1,700 lbs. ^ . • - 

Solution ■ . ' ' *■ • 

F/M ''" lbs, of COD ■ . i 

lbs. of MLVSS • ■ ^ * ■' ■ . 

= -160 X, 8.34 x .655 - " j - 

iu . J. . .... . , 




' = 0.514 lbs. of COb/dav/1 *lb. oT-MW^SS^ ' ' :• .* ' 
Exercise • ' ' ) . • • » 



* > ' fa V 



1.- , Given . . ;. ^ J, ^ 



' ^a":-. AferatiVn basfn^ - Radius 32 ft^'eight 10 k. ' >' i ' ' ' \' 

b. - MUVSS - 2,400 ma/1: ' 

}■■■ "■ ■ ^ ; ' ^ ? ' '7 

■' c. COD - 216' ma/1 . ' ' * * \ 

) d.- Influent flow Irate * .8 MGD - ^ ' \ * 
,;Calcul-ate the. F/M. Ratio - \ . \ 



/f 
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Given - - ' . ' . . 

a. Aeration Basin - Length 38 ft.,, width 21 /t., height 13 ft. 

b, , F/M Ratio of 0.5 lbs. of-fidD/day/l lb of MLVSS 

c, BOD - 1 lb. mg/l ' 

d. Influent flow rate ^1. 2 WGD * > 
Calculate the MLVSS. concentration 

Given ' ' 

a. Aeration basin - diameter 70 ft., height 12 ft. 

b. MLVSS - 2,050 mg/l ' _ . > 

c. C OD -- riS mq /1 r* ^ K 

" ' . • •- . • 

d. Influent flow rate, - .7 MGD 

I ■ ' / • • ^• 
Calculate the F/M Ra|;io 

Given ' ^ ■ , ■ ■ . • , 

►I • * . , , ,■ >- 

a. Aeration bas.im Length 45 ft., width 18 ft., heiqht.ll ft. 

b. RSS - 2500 mg/l , ^ . > 

t: COD - 130 mg/l /J"*' . . ' , ' ' 



d. ' Influent flow r^e - 935,000 "GPO' f 

e. " ' MLVSS is 78% of fiss' . ' ' ' 



Calculate the F/M Raa:io 

1 



« 5 



i 5 

MP 



i 



S 



if / 
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Module Ho: 



Approx. Time: 

^ * 

: — »_ 



.Module Title: 

Mathe^ati cs^ for Operators 



Submodule Title: 
•Activated Sludge , 



Topic: 

Return Activated 



Slu^tge Rate 



Objectives: ^ ^ ^ ' * * ' 

The learner will demonstrated the ability to' determine the return activated sludge- 
rate as: ' • , ' ' • ' • ' ^ ' \ ^ : 

1- Gallons'^ per'^day ;^ ^ • 

2.^ Percenttof influent flbv/ - • * " 



\ 



InstryctionaJ Aids: • 

H^indout ' . . ' 

AV (overhead transparancy).:. 



7 



Instructional Approach: 
Discussion 
Demonstration 
Exercise. ' . 



t * 
1 ♦ 



References: m' - : ' 

Workbook, Basic Mathematics and Wastewater, Processing Calculations ,'N. Dept. 
of Env.. Conservation. , * ' . 

Study Aid Workbook, Mathematics for Wastewater Treatment Plant Opefators,, 
California Water Pollution Control Association. 



Class Assignments: 
Given 4 exercise problems t;o be solved. 

- ' O A 4 
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Module No; 



■r 



Topic:* / . ^ 

•Return ActiVated Sludge Rate (RAS) 



InsTructor It'otes: 



1. HandC^ut 

a. Explain combined. fOow 

b. .Expl'a^n infljent flow 



/nsfructor Outline: 



L Discuss/demonstrate how one calculates the 
return activated sludge rate using the 
formula s, ^ ^ • . , 

RAS =^Combined flow - Influent-flow 

Combined flpWo= The f^w added to the aeratiqn 
basin composed of influent 
^ .flow + return activated sludge 
'* ^ > . ' . 
Inf.luent flow = The^flow rate t,hBt pumped to, 
the treatment plant* . 

1. Discuss/demonstrate how. one' calculates the 
return activated sludge rate as %^of influent 
flow using the formula , 

%RAS = Comb, flow - Inf, tlow x 100 
~. ' Inf. flow \ 

-J 

%RAS f Percent return activated sludge rate^ . 

Comb/ flow = Confined flow rate added to the 
aerathon basin composed of . 
influeiu flow rate +-return 
-acti va^d s'ludqe ratei 



Inf. flow = Influent flow, rate to p)ant 
3* . Give 4 exercise problem^ 



IGG . 
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ACTIVATtB- SLUDGE/RETURN ACTIVATED SLUD.GE RATE • 

Return activated, sludge rate (RAS) is calctrlaPte^ by u^ing the formula ' 

RAS ^ combinedf flow - influent flow . - ^ 

Combined flpw is the sum of alj[ the flow added to the aeration basin. 

Inflltefti flow 4s the flow from tlie primary system or the" plant influent. 

Exampl e «. ^< . • 

-rThe fTow rate to the aeration tank is .568 MGO^aad thelflow rat^ to the plant 
'is .426 MGD.. Calculate the RAS. • ' 

Solution • V ^ * 

RAS = combined - influent 

= .568 - .426 ■ ■ . . ■ . 

.= .142 M60 ■ ' 

The'RAS is usually reported % flow of the influent rate. The formula 
to use is . . 7. ^ 

% RAS^ RAS X lOO" ■ 

Influent Flow Rate ,, , 

Example * ' " • ' 

What is the % RAS if the influent flow rate is .426 MGD snd the RAS is ' 
.:14.2 MGD. - ' ; . ■ ■ / 

■• ' " - ■ ■ 

Solution . V • >. ■ •' 



% RAS = . RAS X 100 ■ ■- , ' \ ■ * • ■ 

Influent flow ri^ . ■ 

= .142 X 100 * < ■ >, . * 

-.426 . • / " . - - : 

= 33.33% " - ' • ■ . ' , ' • 

Exercise - • ' • ' . - • • • ' 

r. Given' the flow rate to the plant at 500 .GPM,. calculate the % RAS if the- 
rate of return, activated sludge is lp5 GPM^ . - . ^ . . 



r. 



r 
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2. The flow* rate to -the aeration basin is* 1.8 MGD. If. the ijifluent flow rate 
is 1,5 MGD, calculate the % m. ^ ' ' 



3. The % RAS is 22% of the influent flow, rate, .935 MGp,/calculate the ^ 
comliined flow rate to the aeration basin. ^ ^ 



r 



4. The X'RAS is 25% oY 435,000 GPD influent flow rafe. Calculate the RAS 
flow rate in GPM. / 



> 




4 



\ 
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Module No: 



V 



/Jpprox., Time: 
1 h^. . 



Module Title: ^ ' 
Mathematics ^or Operators 



•Submodule Title: • 
Activated Sludge ^ 



Topic: 

Sludge Volume Irfiex (SVr) 



Objectives:- ^ ' , . ^ 

r 

the lea^g^ will demonstrate th€ ability to determ^ine the sludge volume index 
^in an activated sludge process. ' - ^ 



Instructional Aids: 
Handout 

.AV (overhead^ transparanqy) 



Instructional Appfroach: 

Discussion 
Demon5tration - 
. Exercise : , 



Rei^Vences: - ' 

i WorkWk, Ba^icjt^athematicg and Wastewater, Process/ng Calculations, N. Y. Deot. 
' of Erm Conservation. • 

Study Aid Workbook, Mathematics for Wastewater Treatment Plant ORerators, 
California Water Pollution Control Association. 



1^ 



Class Assignments:" 
Give 4' exercise* prc^lerps to te solved, 

169 
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ERIC 



Module Mo: 



Instructor Notes: 



I., Handout ♦ 
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e Volume Index-.(SVI) 



J 



Instructor Outline: 



Discuss^emonstrate how^one calculates the- 
kludge volume index (SVI). ' 

The tformula is: ' ' ^ 

•SV^ = Volume of MLSS in a 1000 ml. sample x 10( 
Concentration 0/ MLSS - / 

SVI = Sludge vplume index \ - 

Volume (ml) of MLSS in alOO^l. sample- . 
obtained from lab test^ ^ - ^ 

Concentration of MLSS = mg/1 ^of mixed liquor 
. " ^ suspended solids * 

2: Give 4 exercise problems* . . 




-ft? 



* r 



'1 
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ACTIVATED SLUDGE/SCUDGE VOLUME INDEX 



•Sludge volume in^ex (SVI) is calculated by using the" formula ' ( 

-SVI = Volume of MLSS/1000 ml sludgers ample x 1000 ^ ' • ' ■ . 

•■ ■ 'Concentration of MLSS ' . * - ^ • 

Volume of MLSS/1000 ml sludge sample. is obtained by pTacing 1000 nil^of 
fictivated sludge in a 1000 ml graduated cVlinder letting the solids settle 
for 30 minutes. The volume of solids^ is the volume of MLSS/1000 ml sludge 
sample. • ' 

Example ■ • 

The'conc. of MLSS is 2,500 mg/1 and the lab test indicates'a ^'50 ml volume,. 
Calculate SVI. • ' 



Solution 

SVI = Vol. of MLSS/1000 ml , 
Cone, of MLSS. 



X 1,000 



= 2W X '1,000 



i: Calculate the SVI. if the lab tests indicate a volume of 350/1000 ml 
' aVid a MLSS concentration of 2',100 mg/1'. » , " 

-2. C&lculate the concehtVation of- the MLSS if the, SVI is 0.12 the 
settling test .indicates a- volume of 190 ml/1000 ml. 
. ^ • ■ L ' • • < 

3.. Cafcul'ate the SVI j'f the sbli'ds in a 1000 ml MLSS sample settle to ' 
450 ml and tHe MLSS concentration ife 2,800 ml. 



4. How many mg/1 of MLSS should be wasted if the MLSS ..cone, is 2,800, 
" 'and the Settle solids is 300 cng/1 but the desired^VI is 0.1. 



Page 169 > 17 3 



Module^^No: 



Appro Xi Tm§: 
1 Holir 



Objectives; 



Module Title: f , 

Mathemati cs for 'Operators 



Submodule Title: 
j^^ l^^ated, Sludge 



EVALUATION 



The learner will denwnstrate the ability, to determine correctly the ansv/ers to 8 -out 
of 10 problems related to activated sludge proce^s^ 

a. Sludge Age^ i 

b. Mean cell retention time ^ - . • 

c. Food/Microorganism Ratio ^ • * . » 

'd^ Return Activated Sludge- Rate • • - 

e. Sludge Volume Index - 

1. - Calculate the sludge age in an acti vated'sludge process if 23,500 lbs. of solids, 
are under aeration and 850 lbs/day of solids are being introduced to the* 
aefation basin with a volume of 1.3 MGD; f - ' , - ^ 

5 days ' ^ 

b. 3.09 days ' . " • • 

. c. 0.3 days . ' - 

d. 4 days , , • ' . , - * 

2. Calculate the sludge age of the solids in an activated sludge process if 45,000 lbs 
are under aeration and the influent suspended solids are 125 mg/1 in concer>tration 
and a flow of 3.2 MGD. ' ^ ^ * i 



a. 11.5 days 
, b . 7 days - 

c. 13.5 days' 

'd. -0.07 days 



Calculate the^equired lbs. of MLSS in an aeratfon basin if the desired 
sludge age is "6.5 days. The lbs_. of Sblidi applied to the aeration 
basin ,is 1,755 lbs/day. 

a. ^,'703.7 lbs'. 

b. 11,4^7.5 lbs. 



c. 270 



bs. 




d. 2,25/1.8 lbs. 
Gi ven 

Aeration basin - 4Q ft. radius, 11 ft. .height 

MLVSS/-"2,100 mg/1 

/ 

COO y 154 mg/1^ , > • 

Infl4ent Rate - :935 MGD 
Calculate the F/M"Ratio . ^ " , " ' 
17 lbs- of COD/day/lb. /'of'MLVSS 
b. •Q.q^ Ib.sf of COD/day/lb. of MLVSS 
;8 lbs; oF^COD/day/lb. of MLVSS 
70 lbs. of COD/day/1- of MLVs5 




Aeration basin - 35 ft. radius, 12. ft. hei|ht 

MLVSS - 1,960 mg/1 ~ • . 
COD -.125 mg/l 
lofluen't rate - 1.2 MGD 

MLS'S - 2, SCO .mg/1 - / ' ■ ' 

Desired F/M katio -0.3 Ibs/tOD/day/lb. MLVSS. 

70% ' - " 




MLVSS 
MLSS" 



^Calculate the 'lbs. qf MLSS needed to be wasted. 
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a. - 2,ld5 -lbs: 

b. 4,1^9 -'lbs. 

c. i,500 lbs. 
d-. 200 lbs. 



5. The flov i^ate to the aeration basin is ^.873 MGD and 'the influent flow 
"rate to the planto's ..863 MGD. Calculate the % return activated sludg 
rate* * ^ 

■■■■ # 





98.8% . 










'l.2% 










25%' 










38% 




" i 





The^in formation given is to be used in* Problem 7, 8, 9/ &'10. 
' Given > I- . , / ' . \ ' 

Aeration basin volume = 0.3 MG / » 

Clarifier volifme = 0.2 MG - \ 
MLSS = 2,90Q mg/1 • 
MLVS6 content = 75% of ML'SS 



Settleable solids, test = 360 mg/l.OOQ ml. ' ' ^ ~ 

Primary effluent BOP = 152 mg/1 ' -• , 

Primary effluent suspended «oli,ds = 90 mg/1' ' 



Influent flow rate = 1.8 -MGD 



% RAW fldw rate •=» 20% . - ' , • 

7.-. Using^tKe above* information calculate sludge ag^. 
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8: , Using the above ir 



a. 


lOQ 


b. 


81 


c. 


124 


d." 


35 



formation, calt'Qlate the SVI.. 



10. 



Using the above information, calculate the F/M" Ratio (lbs. BOD/day/ 
lb.' MLVSS) ■ .. . " " 

* • ■ " ' ' , . ■ .; ' 

a. ..419 lbs. of BOD/day/lbs. MLVSS 

b. 2.4 lbs." of BOD/day/lbs. MLVSS * ' • - ' - ^ 

c. 0.31 lbs. of BO^D/day/lbs. MLVSS ' , 

d. 1 lb. of BOp/day/lb. MLVSS 

Using the above informa'tion, calculate the lbs. qf MLSS wasted to 
provide a desired sludge age of 5 days." 



a. 


1,351 lbs' 


b. 


§00 lbs. 


C-. 


8Q0 lbs. 


d. 


100 "lbs. 




• 


> * • 


• 

» 
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Module Uo: v 



fopic: y 
EVALUATION 



T 



Wstructor Notes: 



1. Handout 

2. Ans.. 
Iv d 

2. c" 

3. b 
. 4. a 

5. a 

6. b 
' 7. ,d 
■ 8. c 

9. a 
10. b 



^ive--io evaluation problems. 



Instructor Outline: 



) 
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